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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Ageioulture, 

Bureau  op  Animal  Industry, 
Washington,  D.  C,  December  SO,  1908. 

Sm:  I  have  the  honor  to  transmit  herewith  a  paper  on  The  Tuber- 
culin Test  of  Cattle  for  Tuberculosis,  by  Dr.  John  R.  Mohler,  Chief 
of  the  Pathological  Division  of  this  Bureau. 

'  Tuberculosis  of  cattle,  although  not  so  prevalent  in  the  United 
States  as  in  some  other  countries,  nevertheless  exists  here  to  an 
alarming  extent,  especially  in  some  States  where  no  steps  have  been 
taken  for  its  suppression.  It  is  estimated  that  on  an  average  not  less 
than  1  per  cent  of  the  beef  cattle  and  10  per  cent  of  the  dairy  cattle 
in  the  country  are  affected  with  this  disease,  and  in  some  localities 
the  percentages  are  very  much  higher.  The  financial  loss  from  tuber- 
culosis in  live  stock  is  not  less  than  $14,000,000  annually. 

As  the  first  step  in  any  measure  for  eradication,  either  by  public 
authorities  or  by  private  owners,  it  is  necessary  that  there  should 
be  some  accurate  and  reliable  method  of  diagnosis.  In  the  great 
majority  of  cases  it  is  impossible  to  detect  the  disease*  in  the  living 
animal  by  ordinary  physical  examination.  The  tuberculin  test,  as 
pointed  out  by  Doctor  Mohler,  affords  the  most  reliable  known  method 
for  detecting  tuberculosis  in  cattle,  records  having  proved  its  accuracy 
in  over  97  per  cent  of  cases,  and  it  has  the  additional  advantage 
of  being  harmless. 

It  is  important,  however,  that  a  reliable  tuberculin  be  used,  as 
experiments  by  this  Bureau  have  shown  that  some  of  the  tuberculin 
on  the  market  is  impotent  and  worthies?.  It  seems  likely  that  some 
of  the  dissatisfaction  occasionally  experienced  with  the  tuberculin 
test  is  due  to  this  fact.  The  Bureau  of  Animal  Industry  prepares 
a  trustworthy  tuberculin  and  furnishes  it  free  of  charge  to  health 
officers  and  other  public  authorities  under  certain  conditions  for 
official  use.  The  Bureau  can  not,  however,  supply  tuberculin  on  any 
terms  for  private  use. 

The  accompanying  paper  was  included  in  the  Twenty-fourth  Annual 
Report  of  this  Bureau,  but  in  order  to  make  it  available  for  wide  dis- 
tribution in  pamphlet  form  I  respectfully  recommend  its  publication 
also  in  the  Farmers'  Bulletin  series. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Burea/a. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  TUBERCUUN  TEST  OF  CATTLE  FOR  TUBERCULOSIS. 


THE  DIAOVOSIS  OF  TTTBEBCULOSIS. 

The  symptoms  of  tuberculosis  in  cattle  are  not  sufficiently  promi- 
nent, except  in  advanced  stages  or  when  superficially  located,  to 
enable  one  to  diagnose  this  disease  by  the  ordinary  methods  of 
physical  examination.  And  the  cattle  may,  without  showing  any 
clinical  symptoms,  be  in  such  a  stage  of  tuberculosis  as  to  render  them 
capable  of  spreading  disease.  Indeed,  an  animal  may  be  fat  and 
sleek,  eat  and  milk  well,  have  a  bright,  glossy  coat,  and  be  apparently 
in  the  pink  of  condition,  and  still  be  passing  tubercle  bacilli  through 
the  feces  or  by  an  occasional  cough,  and  thus  endanger  all  the  healthy 
cattle  in  the  herd.  Consequently  such  adventitious  aids  to  diagnosis 
as  animal  inocidation,  biological  test,  serum  agglutination  reaction, 
and  the  tubercuUn  test  are  made  use  of  in  arriving  at  a  definite 
opinion  relative  to  the  presence  or  absence  of  this  disease.  The  value 
of  all  but  the  last  of  these  is  discounted  by  the  technique  required 
and  by  their  impracticability,  while  the  tuberculin  test  is  most  satis- 
factory and  is  the  best  diagnostic  agent  known  for  the  disease. 

THE  OBIOnr  OF  THE  TTTBEBCUinr  TEST. 

Tuberculin  was  invented  by  Koch  in  1890,  and  was  first  used  ex- 
perimentally in  treating  tuberculosis  in  man.  In  these  cases  it  was 
observed  that  its  injection  was  followed  by  a  rise  of  temperature, 
which  led  veterinarians  to  apply  tuberculin  to  suspected  animals  to 
see  if  a  sinular  reaction  resulted.  Numerous  experiments  showed  this 
to  be  the  case,  and  since  1891  the  use  of  tuberculin  as  a  diagnostic 
agent  for  tuberculosis  of  cattle  has  been  almost  imiversally  adopted 
in  all  parts  of  the  civiUzed  world.  No  one  thinks  of  accepting 
tuberculin  as  an  absolutely  infaUible  agent,  but  it  is  immeasurably 
more  dependable  than  any  other  method  that  has  ever  been  used. 

THE  HATXTBE  AHD  APPLIGATIOH  OF  TTTBEBCUinr. 

Tuberculin  is  the  steriUzed  and  filtered  glycerin  extract  of  cultures 
of  tubercle  bacilli.  It  contains  the  cooked  products  of  the  growth 
of  these  badlli,  but  not  the  bacilli  themselves.  Consequently,  when 
Uus  substance  is  injected  under  the  skin  of  an  animal  it  is  absolutely 
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•unable  to  produce  the  disease,  cause  abortion,  or  otherwise  injure  the 
animal.  In  case  the  injected  animal  is  normal  there  is  no  more 
effect  upon  the  system  than  woidd  be  expected  from  the  injection  of 
sterile  water.  However,  if  the  animal  is  tuberculous,  a  decided  rise 
of  temperature  will  follow  the  use  of  tuberculin. 

In  practioe  the  tuberculin  test  is  applied  bj  first  taking  a  sufficient 
number  of  temperatures,  usually  three,  at  intervals  of  two  hours  to 
ascertain  the  normal  variation  of  temperature  of  the  animal  to  be 
tested.  The  dose  of  tuberculin  (which  should  always  be  specified  on 
the  label)  is  then  injected  hypodermically  between  8  and  10  p.  m.  on 
the  day  of  taking  the  preliminary  temperatures.  *  On  the  following 
•day  the  '* after"  temperatures  are  recorded  every  two  hours,  begin- 
ning at  6  a.  m.  and  continuing  until  twenty  hours  following  the 
injection. 

THE  VALUE  AJSTD  BEXIABIIITT  OF  THE  TXJBEBGTTinr  TEST. 

As  a  result  of  this  method  an  accurate  diagnosis  may  be  established 
in  over  97  per  cent  of  the  cases  tested.**  The  relatively  few  failures 
in  diagnosis  are  included  among  two  classes  of  cattle.  The  first  class 
•contains  those  that  are  tuberculous  but  which  do  not  react  either 
because  of  the  flight  effect  of  an  ordinary-sized  dose  of  tuberculin  on 
An  advanced  case  of  the  disease  with  so  much  natural  tuberculin 
already  in  the  system,  or  on  account  of  a  previous  test  with  tuberculin 
which  produces  a  tolerance  to  this  material  lasting  for  about  six 
-weeks.    Tlie  second  class  includes  those  that  are  not  tubercidous  but 

o  Great  interest  has  been  manifested  recently  in  the  cuti  tuberculin  test  of  Von 
Pirquet  and  the  ophthalmo  tuberculin  test  of  Wolff-Eisner  and  Calmette.  As  their 
names  imply,  these  tests  consist  in  the  application  of  the  tuberculin  to  the  eye  and 
to  the  scarified  skin,  respectively,  of  the  animal  to  be  tested.  The  very  favorable 
results  which  were  reported  from  the  application  of  both  of  these  methods  excited  a 
great  deal  of  interest  among  investigators,  and  soon  numerous  results  of  the  experiments 
were  published,  which,  howev^,  were  not  uniformly  favorable  for  either  of  the  tests. 

The  best  results  were  apparently  obtained  from  the  ophthalmo  reaction.  The 
•changes  in  the  eye  resulting  from  a  marked  reaction  are  characteristic;  intolerance  to 
light  and  an  increased  secretion  of  tears  are  the  first  indications,  which  may  be  fol- 
lowed by  more  severe  symptoms,  as  marked  congestion  of  the  conjunctiva,  a  whitish 
film-like  exudate  over  the  bulbar  conjunctiva,  and  a  grayish  yellow  discharge  from  the 
•eye,  which,  running  down  the  face,  forms  crusts.  The  test  is  applied  to  oniy  one  eye, 
and  in  the  reaction  the  other  or  control  eye  should  remain  normal. 

Thus  fsLT  the  ophthalmo  and  cuti  tuberculin  tests  can  not  be  recommended  for 
general  practice  as  methods  of  diagnosing  tuberculosis  of  bovines,  and  they  will  require 
further  work  and  perfection  before  they  should  pass  from  the  experimental  stage  and 
be  adopted  in  place  of  the  pres^it  reliable  subcutaneous  application. 

2>  Reports  of  tuberculin  tests  made  in  the  fifteen  years  from  1893  to  1908  by  Federal, 
State,  and  other  officers  with  tuberculin  prepared  by  the  Bureau  of  Animal  Industry 
«how  that  out  of  24,784  reacting  cattle  slaughtered,  lesions  of  tuberculosis  were  found 
in  24,387,  a  percentage  of  98.39. 
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which  show  an  elevation  of  temperature  as  a  result  of  (a)  advanced 
pregnancy;  (b)  the  excitement  of  oestrum;  (c)  concurrent  diseases, 
as  inflanmiation  of  the  lungs,  intestines,  uterus,  udder,  or  other  parts, 
abortion,  retention  of  afterbirth,  indigestion,  etc. ;  (d)  inclosure  in  a 
hot,  stuffy  stable,  especially  in  summer,  or  exposure  to  cold  drafts  or 
rains ;  or  (e)  any  change  in  the  method  of  feeding,  watering,  or  stabling 
of  the  animal  during  the  test. 

Notwithstanding  aU  these  possibilities  of  error,  the  results  of  thou- 
sands of  tests  show  that  in  less  than  3  per  cent  of  the  cases  tested 
do  these  failures  actually  occur.  In  the  first  class  the  chances  of  error 
are  decidedly  reduced  by  the  skilled  veterinarian  by  making  careful 
physical  examination  and  diagnosing  these  advanced  cases,  and  by 
the  injection  of  double  or  triple  doses  into  all  recently  tested  cattle, 
with  Uie  taking  of  the  after  temperatures  beginning  two  hours  fol- 
lowing the  injection  and  continuing  hourly  for  twenty  hours.  In 
the  second  class  errors  are  avoided  by  eliminating  those  cases  from  the 
test  that  are  nearing  parturition  or  are  in  heat,  or  show  evidence  of  the 
previously  mentioned  diseases,  or  exhibit  temperatures  sufl&ciently 
high  to  make  them  unreliable  for  use  as  normal.  Then,  in  reading 
after  temperatures  it  is  advisable  not  to  Tecognixe  as  a  reaction  an 
elevation  of  temperature  less  than  2^  F.,  or  one  which  at  the  same 
time  does  not  go  above  103.8^  F.,  and  the  temperature  reaction  must 
likewise  have  the  characteristic  rainbow  curve.  (Those  cases  which 
approximate  but  do  not  reach  this  standard  should  be  considered  as 
suspicious  and  held  for  a  retest  six  weeks  later.)  In  addition,  a  satis- 
factory tuberculin  must  be  used,  also  an  accurate  thermometer  and  a 
reliable  syringe  in  order  that  a  sufficient  dose  of  tuberculin  may  be 
given.  Finally,  the  number  of  apparent  errors  of  the  tuberculin  test 
will  be  greatly  diminished  if  a  careful  post-mortem  examination  is 
made,  giving  especial  attention  to  the  lymph  glands. 

This  low  percentage  of  failures  being  the  case,  cattle  owners  should 
welcome  the  tuberculin  test  not  only  for  their  own  interest  but  for 
the  welfare  of  the  public  as  well.  Where  this  method  of  diagnosing 
the  disease  has  been  adopted  tubercidosis  is  gradually  being  eradi- 
cated, while  it  is  spreading  rapidly  and  becoming  widely  disseminated 
in  those  districts  where  the  tuberculin  test  has  not  been  employed. 
Without  its  use  the  disease  can  not  be  controlled  and  the  cattle  owner 
is  confronted  with  serious  and  continuous  losses;  with  its  use  the 
disease  can  be  eradicated  from  the  herd,  a  clean  herd  established,  and 
the  danger  of  its  spread  to  man  removed.  Tuberculin  may,  therefore, 
be  considered  a  most  beneficial  discovery  for  the  stock  raiser.  Strange 
to  say,  many  of  these  men  have  been  incredulous,  antagonistic,  or 
prejudiced  against  the  tuberculin  test  by  misinterpreting  published 
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statements;  by  incorrect,  unsubstantiated,  or  exaggerated  reports, 
and  by  alleged  injurious  effects  to  healthy  cattle. 
Law**  has  clearly  stated  the  question  when  he  says: 

Many  stock  owners  still  entertain  an  ignorant  and  unwarranted  dread  of  the 
tuberculin  test.  It  is  true  that  when  recklessly  used  by  ignorant  and  careless  people 
it  may  be  made  a  root  of  evil,  yet  as  employed  by  the  intelligent  and  careful  expert 
.  it  is  not  only  perfectly  safe,  but  it  is  the  only  known  means  of  ascertaining  approxi- 
mately the  actual  number  affected  in  a  given  herd.  In  most  infected  herds,  living 
under  what  are  in  other  respects  good  hygienic  conditions,  two-thirds  or  three-fourths 
are  not  to  be  detected  without  its  aid,  so  that  in  clearing  a  herd  from  tuberculosis, 

and  placing  both  herd  and  products  above  suspicion,  the  test  becomes  essential. 

»  »  »  »  .    «  *  if 

In  skilled  hands  the  tuberculin  test  will  show  at  least  nine-tenths  of  all  cases  of 
tuberculosis  when  other  methods  of  diagnosis  will  not  detect  one-tenth. 

It  is  perfectly  natural  that  there  should  be  objection  to  its  use 
among  those  who  are  not  acquainted  with  its  method  of  preparation 
or  its  properties ;  but  it  is  diflBcult  to  explain  the  antagonism  of  farm- 
ers who  are  familiar  with  the  facts  connected  with  the  manufacture 
and  use  of  tuberculin.  Probably  the  most  popular  objection  to  tuber- 
culin is  that  it  is  too  searching,  since  it  discovers  cases  in  which  the 
lesions  are  small  and  obscure.  While  this  fact  is  admitted,  it  should 
also  be  borne  in  mind  that  such  a  small  lesioi^  to-day  may  break  down 
and  become  widely  disseminated  in  a  relatively  short  period.  There- 
fore any  cow  affected  with  tuberculosis,  even  to  a  slight  degree,  must 
be  considered  as  probably  dangerous  not  only  to  the  other  animals  in 
the  herd  but  also  to  the  consumer  of  her  products. 

THE  HABMIiBSSNESS  OF  TTJBEBCTJIilN. 

Furthermore,  tuberculin  must  be  considered  as  harmless  for  healthy 
animals  in  view  of  the  results  revealed  by  numerous  tests  covering 
vast  numbers  of  animals.  And  it  has  also  been  clearly  demonstrated 
that  tuberculin  interferes  in  no  way  with  the  milking  function  in 
healthy  cattle ;  neither  in  the  quantity  of  milk  nor  in  butterfat  value 
has  any  variation  been  detected. 

Nocard  and  Leclainche*  state: 

Direct  experiments  and  observations  collected  by  thousands  show  that  the  tuberculin 
injections  have  no  unfavorable  effect.  With  healthy  animals  the  system  is  indifferent 
to  the  inoculation;  with  tuberculous  animals  it  causes  only  slight  changes,  which  are 
not  at  all  serious. 


oText  Book  of  Veterinary  Medicine,  vol.  4,  pp.  458,  465.    Ithaca,  N.  Y.,  1902, 
&  Les  Maladies  Microbiennes  des  Animaux,  vol.  2,  p.  85.    Paris,  1903. 
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DISPOSAL  OF  AHD  IHDEMHITY  FOB  REAGTOTO  AVDCALS. 

Most  of  the  objections  to  tuberculin  would  probably  be  removed  if 
some  method  of  compensation  for  the  reacting  animals  could  be  de- 
yised.  Thus,  in  Pennsylvania,  where  tuberculosis  is  being  eradicated 
with  more  success  than  in  any  other  State,  and  where  there  are 
usually  three  times  as  many  voluntary  requests  on  file  for  the  appli- 
cation of  the  test  as  can  be  made,  all  reacting  animals  are  paid  for  by 
the  State.  As  the  suppression  of  tuberculosis  is  a  public  health 
measure,  it  would  appear  perfectly  logical  for  the  State  governments 
to  reimburse  cattle  owners  appropriately  for  the  animals  condemned 
and  slaughtered.  Provision  could  be  made  to  pay  70  per  cent  of  the 
appraised  value  of  the  condenmed  animals,  not  to  exceed  $30  a  head 
for  common  stock  or  $60  for  registered  stock.  Such  legislation  should 
also  include  a  requirement  for  the  testing  of  all  dairy  and  breeding 
cattle  coming  into  the  State. 

All  tuberculous  animals  should  be  slaughtered  in  abattoirs  having 
competent  inspection,  and  the  money  obtained  from  those  slight  and 
localized  cases  which  are  inJspected  and  passed  for  food  and  from  the 
hide  and  offal  of  those  carcasses  condemned  as  unfit  for  food  should  be 
applied  as  part  payment  on  the  indemnity  for  their  respective  owners. 
The  payment  of  indemnity  for  tuberculous  animals  is  a  good  busi- 
ness policy  and  would  do  more  toward  making  the  tuberculin  test  pop- 
ular with  cattle  owners  than  any  other  possible  action.  And  as  a 
corroUary  of  the  latter,  more  testing  would  be  performed  and  more 
tuberculous  cattle  would  be  discovered  at  the  start,  but  the  gradual 
suppression  of  the  disease  would  soon  be  manifest,  as  has  been  noted 
in  Pennsylvania  and  Denmark.  Furthermore,  as  Stiles  has  mentioned, 
if  tuberculosis  can  be  eradicated  from  dairy  herds  with  but  slight  loss 
to  the  owner,  the  increase  in  the  price  of  milk  would  naturally  be 
inhibited,  and  the  children  of  poor  famiUes  would  consequently  be 
in  less  danger  of  having  this  very  important  article  of  their  diet 
decreased. 

COHCLUSIOHS  BEGAEDDTG  THE  TXTBEECULDr  TEST. 

As  a  result  of  the  careful  study  of  the  tubercuUn  test,  Salmon" 
draws  the  following  conclusions: 

1.  That  the  tuberculin  test  is  a  wonderfully  accurate  method  of  determining 
whether  an  animal  is  affected  with  tuberculosis. 

2.  That  by  the  use  of  tuberculin  the  animals  diseased  with  tuberculosis  may  be 

detected  and  removed  from  the  herd,  thereby  eradicating  the  disease. 

■— — "^"^^^ 

<>  Yearbook  of  the  United  States  Department  of  Agriculture,  1901,  p.  592. 
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3.  That  tuberculin  has  no  injurious,  effect  upon  healthy  cattle. 

4.  That  the  comparatively  small  number  of  cattle  which  have  aborted,  suffered 
in  health,  or  fallen  off  in  condition  after  the  tuberculin  test  were  either  diseased  be- 
fore the  test  was  made  or  were  affected  by  some  cause  other  than  the  tubeiculiB. 

SmOIABT  OF  DntECTIOVS  FOE  KAKHfO  THE  TXJBEBCUinr  TEST. 

1.  Stable  cattle  under  usual  conditions  and  among  usual  surround- 
ings, feeding  and  watering  in  the  customary  manner. 

2.  Make  a  physical  examination  of  each  animal,  and  give  to  each 
one  some  designation  by  which  the  animal  will  be  known  throughout 
the  test. 

3.  Take  each  animal's  temperature  at  least  three  times  at  two  or 
three  hour  intervals  on  the  day  of  injection;  for  instance,  at  2,  5, 
and  8  p.  m. 

4.  At  8  or  10  p.  m.  inject  a  dose  of  tuberculin  under  the  skin  in  the 
region  of  the  shoulder,  using  a  sterile  hypodermic  syringe  after  dis- 
infecting the  skin  at  the  seat  of  injection  with  a  5  per  cent  solution 
of  carbolic  acid  or  a  similar  antiseptic  solution. 

5.  TubercuUn  is  not  always  concentrated  to  the  same  degree,  and 
therefore  the  dose,  which  should  always  appear  on  the  label,  varies 
considerably.  The  dose  of  imported  tuberculin  is  0.25  c.  c.  for  an 
adult  cow,  and  before  injection  is  diluted  with  sterile  water  to  2  c.  c. 
The  tuberculin  made  by  the  Bureau  of  Animal  Industry  is  prepared 
so  that  it  will  not  be  necessary  to  dilute  it,  and  the  dose  is  2  c.  c.  for 
an  adult  animal.  Yearlings  and  2-year-olds,  according  to  size,  should 
receive  from  1  to  IJ  c.  c,  while  bulls  and  very  lai^e  animals  may 
receive  3  c.  c. 

6.  At  6  a.  m.  on  the  day  following  the  injection  of  tubercuUn  com- 
mence taking  temperatures,  and  continue  every  two  or  three  hours 
imtil  the  twentieth  hour  after  injection,  at  which  time  if  there  is  no 
tendency  for  the  temperature  to  rise  the  test  may  cease. 

7.  A  rise  of  2°  F.  or  more  above  the  maximum  temperature  ob- 
served on  the  previous  day,  providing  the  temperature  after  injection 
exceeds  103.8®  F.,  should  be  regarded  as  an  indication  of  tuberculosis. 
Those  cases  which  approximate  but  do  not  reach  this  standard  should 
be  considered  as  suspicious  and  held  for  a  retest  six  weeks  later, 
giving  double  the  original  dose. 

[A  list  giving  the  tiUee  of  all  Farmers'  BuHetins  available  for  distribation  will  be 
sent  free  upon  application  to  a  Member  of  CongresB  or  the  Secretary  of  Agricaltore.] 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  op  Agriculture, 

Biological  Survey, 
Washington^  D.  C,  January  12^  1909, 
Sir  :    I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  a  Farmers'  Bulletin,  a  report  on  the  Nevada  Mouse 
Plague  of  1907-8,  by  S.  E.  Piper,  an  assistant  in  the  Biological  Sur- 
vey. 

The  report  is  important  from  three  points  of  view:  (1)  It  is  the 
first  account  we  have  ever  had  of  a  fully  developed  mouse  plague  in 
America;  (2)  it  shows  that  such  plagues  may  be  successfully  com- 
bated; and  (3)  it  emphasizes  the  necessity  for  protecting  our  native 
hawks  and  owls  and  the  smaller  predatory  mammals  in  order  to  pre- 
vent the  recurrence  of  such  plagues  in  fiitura 
Respectfully, 


Hon.  James  Wilson,   ' 

Secretary  of  Agriculture, 
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C.  Hart  Merriam, 
Chiefs  Biological  Survey. 
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THE  NEVADA  MOUSE  PLAGUE  OF  1907-8. 


nrcBODircTioN. 

This  bulletin  gives  an  account  of  the  recent  mouse  plague  in  Hum- 
boldt Valley,  Nevada.  Its  object  is  to  acquaint  farmers  with  the 
dangers  from  field  mice  and  to  describe  the  best  methods  of  destroy- 
ing and  controlling  the  animals.  Though  referring  particularly  to 
the  Nevada  outbreak,  the  recommendations  apply  to  similar  species 
in  other  parts  of  the  United  States. 

THE  MOUSE  PMGXrE  IN  HUMBOLDT  VALLET. 

HISTORY  OF  THE  OUTBBEAK. 

Damage  by  field  mice  attracted  the  attention  of  the  ranchmen  in 
the  lower  part  of  Humboldt  Valley  early  in  the  spring  of  1906  and 
became  severe  during  the  following  sunmier."  In  the  fall  and  winter 
of  1906-7,  damage  had  increased  until  fields  here  and  there  in  the 
valley  were  seriously  injured.  Extensive  ravages  first  occurred  above 
and  about  Lovelocks.  In  May,  1907,  fields  on  the  Eodgers  ranch, 
5  miles  below  Lovelocks,  were  invaded  from  the  lands  farther  up  the 
valley,  the  progress  of  the  mice  being  plainly  marked,  as  the  fields 
above  the  Rodgers  ranch  suffered  first  The  movement  of  this  great 
body  of  mice,  it  should  be  noted,  was  a  gradual,  scattering  progres- 
sion, first  by  a  few  and  later  by  increasing  numbers,  until  the  greater 
part  had  moved  to  fresh  fields.  Numbers,  however,  finding  conditions 
improved,  remained  as  stragglers  in  the  fields  deserted  by  the  main 
body.* 

By  October,  1907,  a  large  part  of  the  cultivated  lands  in  this  dis- 
trict had  been  overrun  by  vast  numbers  of  mice.  The  yield  of  hay 
had  been  reduced  by  one-third ;  potatoes  and  root  crops  were  largely 
destroyed;  many  alfalfa  fields  were  ruined  by  the  mice  eating  the 
roots  of  the  plants;  and  the  complete  destruction  of  this,  the  chief 
crop  in  the  valley,  was  threatened. 

The  height  of  abundance  was  reached  in  November,  when  it  was 
estimated  that  on  many  large  ranches  there  were  from  8,000  to  12,000 

<>  Reported  by  J.  S.  Cotton,  Sept,  1906. 
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mice  to  each  acre."    The  fields  were  riddled  by  their  holes,  which  were 
scarcely  a  step  apart,  and  over  large  areas  averaged  150  to  175  to  the 
square  rod.    Ditch  embankments  were  honeycombed,  and  the  scene 
was  one  of  devastation.    Serious  losses  in  hay  and  root  crops  during 
the  summer  proved  but  a  slight  forerunner  of  the  damage  which  began 
in  the  fall  with  the  disappearance  of  green  food.     Burrowing  down 
about  the  plants,  and  extending  their  underground  runs  from  root 
to  root,  they  either  killed  or  seriously  injured  the  alfalfa  (fig.  1). 
By  November  they  had  destroyed  so  large  a  percentage  of  the  plants 
that    many    fields    were 
plowed  up  as  hopelessly 
ruined  (see  fig.  2).   They 
attacked  also  the  roots 
of  trees,  seriously  injur- 
ing or  quite  destroying 
orchards.      They    killed 
most  of  the  young  shade 
trees      planted      along  • 
ditches,    and    so    com- 
pletely    girdled     large 
Lomlwirdy     and     silver 
poplars   (fig.  3)   that  in 
some  cases  they  caused 
the  death  of  even  such 
hardy  trees. 

By  January,  1908,  in 
fields  where  the  mice  had 
existed  by  thousands  the 
previous  summer  and 
fall,  comparatively  few, 
possibly  200  to  500  to 
each  acre,  remained. 
The  border  of  the  de- 
stroyed district  was 
Fio.  I.-Alfalfa  pl^t  killed  br  flrtd  mice.  ^j^^^      g      ^^^     ^^y^^ 

Lovelocks,  and  the  mice  were  gradually  moving  further  down  the 
valley.  In  the  area  below  this,  mice  were  somewhat  in  excess  of 
normal  numbers  and  in  several  centers  of  abundance  had  seriously 
injured  fields.  Even  where  most  abundant,  along  the  lower  border 
of  the  affected  area,  they  did  not  exceed  1,500  to  the  acre.  In  the 
winter  they  attacked  every  available  food  supply.  Small  willows 
and  even  greasewood  bushes  about  the  borders  of  fields  were  stripped 
of  all  the  bark  within  reach,  and  horse  and  cattle  droppings  were 
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gnawed  to  pieces  for  the  food  they  contained.     Alfalfa  roots,  how- 
ever, were  the  food  supply  on  which  the  mice  were  chiefly  dependent. 

EFFOBTS  OF  BANCSKBN  TO  COMBAT  THE  FLAAUB. 

Id  Xerada,  the  great  majority  of  ranchmen  knew  neither  what  to  ex- 
pect from  such  great  numbers  of  mice  nor  how  to  check  them.  It  must 
be  said,  however,  that  no  previous  examples  of  successfully  control- 
ling such  plagues  exist;  usually  they  hare  run  their  courses  until 
brought  to  an  end  by  natural  agencies.  Hence  it  is  not  surprising 
that  in  Humboldt  Valley  no  concerted  or  systematic  efforts  to  suppress 
the  plague  in  its  earlier  stages  were  undertaken,  but  after  the  mice 


swarmed  m  thousands  over  the  fields  many  attempts  were  made  to 
destroy  them  by  distributing  wheat  poisoned  with  phosphorus. 
These,  however,  were  spasmodic  and  generally  proved  futile,  as  the 
fields  experimented  on  were  quickly  reinvaded  from  adjoining  lands. 
AVhile  a  few  fields  favorably  located  were  saved  by  early  poisoning, 
the  results  of  such  unsystematic  efforts  amounted  to  practically 
nothing  in  overcoming  or  even  materially  checking  the  plague. 

The  preparation  in  general  use  by  ranchmen  consisted  of  wheat 
treated  with  a  strong  solution  of  yellow  phosphorus  in  carbon  bisul- 
phid,  a  cheap  and  effective  poison  for  field  mice,  but  inflammable, 
explosive,   and   dangerous  to  birds.     As  a  result  of  its  extensive 
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employment  id  the  vaUey,  California  quail,  an  introduced  species, 
were  decimated,  and  magpies,  crows,  meadow  larks,  and  smaller  seed- 
eating  birds  suffered  extremely.  On  one  occasion  67  homed  larks 
were  found  dead  on  about  4  acres  a  few  hours  aft«r  the  poisoned 
grain  had  been  distributed.  Fortunately  hawks,  owls,  guUs,  and 
ravens  were  not  affected,  but  many  skunks  and  domestic  cats  were 
killed,  as  the  result  of  eating  mice  dying  or  dead  of  phosphorus. 
Several  accidents  occurred  in  handling  the  solution,  and  cases  of  fatal 
poisoning  of  live  stock  were  frequent 

Several  attempts  by  ranchmen  to  induce  contagious  diseases  among 
the  mice  by  means  of  advertised  bacterial  preparations  failed. 


Fio.  3. — Lombard;  poplar  girdled  and  killed  b;  Held  mice. 

HOW  THE  OtrrBBEAE  WAS  riNAI.LT  CONTBOLLED. 

Chiefly  through  the  cooperation  of  Mr,  George  S.  Webb,  manager 
of  the  large  Rodgers  ranch,  systematic  experiments  to  destroy  the 
pests,  undertaken  early  in  January  by  the  Biological  Survey,  yielded 
results  demonstrating  that  such  mouse  plagues  can  be  controlled,  and 
the  greater  part  of  the  losses  prevented.  The  experiments  proved  that 
mice  could  be  effectively  destroyed  in.  winter  by  alfalfa  hay  poisoned 
with  strychnia  sulphate,  and  this  preparation  was  generally  recom- 
mended in  the  valley.  On  the  Rodgers  and  Anker  ranches  a  force  of 
7  to  15  men  was  employed  to  distribute  the  poison  in  the  fields, 
with  most  satisfactory  results,  and  without  the  dangers  incident  to 
the  use  of  phosphorus  and  grain. 


During  this  winter  season,  when  the  mice  were  not  breeding, 
large  numbers  of  predatory  birds  and  mammals  had  steadily  de- 
pleted iheir  numbers.  Mortality,  believed  to  be  due  to  disease,  per- 
haps engendered  by  the  straitened  food  supply  and  the  severe  winter 
weather,  had  been  everywhere  evident  Dead  and  dying  mice  at- 
tracted general  notice,  and  in  opening  burrows  where  no  poison  had 
been  distributed  dead  mice  were  frequently  found  in  their  nests. 

By  March  15,  poisoning,  supplemented  by  these  natural  agencies, 
had  destroyed  the  mice  on  several  thousands  of  acres  where  they 
were  most  abundant,  and  the  plague  was  broken  before  the  remain- 
ing alfalfa  fields  had  been  overrun.  In  scattered  centers  mice  con- 
tinued in  destructive  numbers  until  May,  but  without  regaining  to 
any  considerable  extent  by  reproduction,  they  steadily  decreased. 
Later  in  ihe  summer  they  had  almost  disappeared  from  the  valley. 

ESTIMATES  OF  DAMAGE. 

The  scourge  of  mice  swept  over  about  four-fifths  of  the  cultivated 
area  in  the  lower  part  of  Humboldt  Valley.  Of  about  20,000  acres  in 
alfalfa,  about  15,000  were  so  seriously  injured  as  to  require  plowing 
and  replanting.  Over  most  of  this  area  the  alfalfa  was  replaced  by 
grain  crops  for  the  season  of  1908,  at  great  expense  and  loss,  since 
good  alfalfa  lands  pay  gross  returns  of  from  $60  to  $70  per  acre, 
while  good  grain  crops  return  only  $35  or  $40  per  acre. 

The  shortage  of  hay  on  the  Rodgers  ranch,  where  2,200  acres  were 
in  alfalfa,  was  estimated  at  2,000  tons.  On  Anke: '  ranch  of  650 
acres,  it  was  estimated  at  600  tons.  Other  ranches  suffered  in  pro- 
portion, and  the  loss  of  hay  in  the  valley  amounted  to  not  less  than 
$50,000.  The  following  estimates,  independently  considered,  indi- 
cate the  severity  of  the  depredations.  W.  C.  Pitt,  who  farms  1,400 
acres  of  alfalfa,  estimates  his  complete  loss  at  $20  per  acre,  or 
$28,000.  John  Font  estimates  his  damage  on  1,000  acres  at  $20,000, 
and  Mr.  Anker  considers  his  loss  on  650  acres  to  be  $8,000.  Mr. 
Webb,  on  the  Rodgers  ranch,  figures  the  complete  loss  on  2,200  acres, 
part  of  which  pays  considerably  short  of  the  best  returns,  at  $30,500. 

A  careful  consideration  of  the  losses  in  hay,  pasturage,  root  crops, 
and  trees,  the  expense  of  restoring  alfalfa  fields  to  their  former  con- 
dition, and  deducting  the  value  of  a  grain  crop  for  1908  shows  the 
average  loss  to  be  about  $20  per  acre.*  On  this  basis  the  damage  to 
the  valley  amounts  to  $300,000.  Allowing  for  the  saving  of  a  few 
fields  by  early  poisoning,  and  for  others  not  entirely  destroyed,  the 
loss  may  have  been  a  little  less  than  $300,000. 

Simultaneously  with  the  plague  in  the  lower  part  of  Humboldt 
Valley  mice  appeared  in  enormous  numbers  farther  up  the  Humboldt 

^  Figured  on  the  basis  of  1,000  acres  on  Rodgers  ranch. 
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River  and  its  tributaries  about  Winnemucca,  Battle  Mountain,  and 
in  Paradise  and  Little  Humboldt  valleys.  As  the  lands  infested  in 
those  districts  were  chiefly  great  natural  hay  meadows  of  red  top  and 
wild  clover,  the  damage  was  less  severe.  However,  gardens  and  iso- 
lated alfalfa  fields  were  seriously  injured.  Later,  reports  of  mice  in 
alarming  abundance  were  received  from  King  River,  Quinn  River, 
and  Carson  and  Smith  valleys,  Nevada;  from  Weber  River  Valley, 
and  from  Sanpete  and  Utah  counties,  Utah ;  and  from  Honey  Lake 
Valley,  California.  In  none  of  these  localities  was  the  damage  so 
extensive  as  in  Humboldt  Valley,  though  plagues  of  like  severity  were 
plainly  threatened. 

A  FL&OTIE  THBEATENED  IN  CABSON  VALLET. 

Reports  of  severe  damage  by  mice  in  Carson  Valley,  a  hundred 
miles  southwest  of  Lovelocks,  in  April,  1908,  led  to  investigations 
which  have  an  important  bearing  on  the  subject.  Carson  and  Hum- 
boldt valleys  are  alike  in  having  large  areas  in  alfalfa  bordered  by 
desert  lands  on  which  field  mice  do  not  live.  On  a  tract  of  about  2,500 
acres  near  Minden,  mice  were  found  to  be  excessively  abundant,  and 
in  some  fields  10  to  25  per  cent  of  the  alfalfa  plants  had  already  been 
destroyed.  Several  smaller  centers  were  similarly  affected,  while 
over  the  valley  generally  the  mice  were  somewhat  in  excess  of  normal 
numbers.  This  was  a  condition  similar  to  that  presented  in  Hum- 
boldt Valley  during  the  spring  oi  1907,  and  young  of  all  sizes  were 
abundant  Examination  of  many  females,  a  large  percentage  of 
which  were  pregnant,  showed  an  average  of  from  6  to  7  young,  while 
in  a  number  as  many  as  10  were  found.  Many  females  suckling 
young  were  found  to  be  again  pregnant.  This  was  in  marked  con- 
trast with  the  condition  in  Humboldt  Valley,  where,  at  this  time,  the 
mice  were  steadily  decreasing  without  any  general  reproduction. 
The  mortality  among  the  mice  so  strongly  in  evidence  during  the 
winter  and  spring  in  Humboldt  Valley  was  not  found  here.  In  fact, 
the  pests  were  plainly  increasing;  while  in  Humboldt  Valley  they 
were  steadily  diminishing.  Reproduction  at  the  rate  noted  at  Minden 
might  and  probably  would  have  resulted  in  a  plague  by  fall. 

It  can  not  be  too  strongly  emphasized  that  at  this  stage  of  develop- 
ment mouse  plagues  can  be  checked,  as  was  demonstrated  by  results 
actually  obtained  here.  Although  alfalfa  was  already  well  grown, 
furnishing  the  mice  abundant  food,  by  systematic  poisoning  they 
were  so  effectively  reduced  in  the  infested  areas  as  not  to  be  dangerous 
again  during  the  season — in  other  words,  a  plague  was  averted. 

PEEVtOTIS  OTITBEEAZS. 

This  is  not  the  first  time  that  field  mice  have  inflicted  serious  dam- 
age in  Humboldt  Valley.    Accounts  by  the  older  ranchmen  indicate 
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that  a  similar  scourge  occurred  from  1889  to  1892.  The  mice  were 
very  abundant  during  the  period  from  1899  to  1901,  the  outbreak  ap- 
proaching in  severity  the  present  one,  though  affecting  less  of  the 
valley.  Between  these  periods  damage  of  more  local  nature  was 
frequent.  The  same  species  was  reported  to  be  extremely  abundant 
and  very  injurious  to  crops  in  Carson  Valley  in  1892,®  and  several 
times  since  it  has  seriously  menaced  the  valley. 

OBionr  Am)  fboosess  of  such  flaottes. 

A  few  observations  on  the  development  of  this  mouse  plague  are 
pertinent,  since  they  bear  directly  upon  the  control  or  prevention  of 
similar  irruptions  in  the  future.  Always  present  in  Humboldt  Val- 
ley, these  mice  attract  little  attention  when  in  small  numbers.  Usually 
they  are  not  uniformly  abundant  in  the  district;  in  fact  in  many  of 
the  fields  they  may  not  be  present  at  all.  They  live  in  scattered 
colonies  in  swampy  places ;  along  the  borders  of  sloughs  and  irriga- 
tion ditches ;  in  salt  grass  patches  and  in  similar  damp  areas.  When 
in  normal  numbers  a  little  damage  may  be  noticeable  about  the 
borders  of  fields  or  along  ditches,  where  plants  have  been  killed  dur- 
ing winter  and  spring.  Ordinarily  the  mice  are  very  prolific,  each 
pair  producing  4  to  6  litters  of  about  6  young  each  during  the  long 
breeding  season,  which  extends  from  March  to  November ;  and  prob- 
ably the  young  born  early  in  the  season  breed  before  fall.  Occa- 
sionally conditions  favor  excessive  multiplication,  and  under  such 
circumstances  damage  soon  becomes  evident,  and  in  a  single  season  may 
increase  locally  to  the  serious  injury  of  fields.  Extending  from  such 
centers  during  the  next  breeding  season,  and  increasing  not  only  by 
reproduction  but  by  joining  with  other  colonies,  a  vast  army  of  mice 
is  formed.  Because  of  overcrowding  and  the  limitation  of  food,  such 
armies  invade  adjoining  districts,  and  this  progress  becomes  more 
rapid  with  the  disappearance  of  green  food  in  the  fall.  Through  the 
combination  of  several  such  armies,  entire  districts  are  overrun. 

Mice  plagues  usually  develop  within  the  affected  districts.  The 
essential  point  is  this:  It  takes  several  seasons  to  produce  a  general 
plague  of  mice,  and  damage  is  noticeable  for  at  least  a  season  before 
a  serious  outbreak  occurs.  Though  natural  agencies  may  be  depended 
upon  to  overcome  such  abnormal  numbers  finally;  yet,  unless  active 
repressive  measures  are  taken,  enormous  damage  to  crops  will  result. 
Control,  easy  at  first,  becomes  more  and  more  difficult  as  the  mice 
increase  in  numbers,  and,  after  a  plague  is  well  established,  is  very 
expensive. 

« W.  W.  Price,  Zoe.  Vol.  4,  1893-4. 
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THE  SPECIES  IffiSF0N8IBI£  POB  TEE  FLAOTTE. 
The  mouse  which  produced  the  plague  Id  Nevada,  locally  known 
as  "  black  mouse  "  (fig.  4) ,  proved  to  be  the  Carson  field  mouse 
{Microtus  montaTVus),  one  of  the  numerous  species  of  short-tailed 
field  mice  or  meadow  mice,  a  group  which  has  caused  widespread 
destruction  in  various  parts 
of  the  world."  This  field 
mouse  is  rather  widely  dis- 
tributed in  the  valleys  of 
'  Utah,  Nevada,  northeastern 
California,  and  eastern  Ore- 
gon. In  nearly  all  parts  of 
the  United  States  short- 
tailed  field  mice  are  among 
the  most  abundant  of  mam- 
mals, and  a  number  of 
species  in  widely  separated 
localities  have  occasionally 
exhibited  the  same  tendency 
to  excessive  increase,  indicat- 
ing that  favoring  conditions 
may  produce  mouse  plagues 
wherever  the  mice  exist. 
Even  when  in  small  num- 
bers they  destroy  consider- 
able clover  and  alfalfa  and 
injure  orchards,  nurseries, 
and  root  crops. 

This  is  the  first  recorded 
instance  of  an  irruption  of 
field  mice  in  North  America 
.  attaining  the  proportions  of 
a  plague,  llie  experience 
indicates  the  probability  of 
future  and  even  more  dis- 
astrous outbreaks.  In  the 
extensive  reclaimed  areas  of 
the  West  the  abundant  food 

and    luxurious    cover    fur- 

Fio.  4.— The  Canwn  field  mouae  (jr<cn>tii«        nished  by  alfalfa  fields  and 

"•""'■""">■  the     miles     of     irrigation 

ditches,  which  afford  these  mice  suitable  homes  along  their  banks, 

greatly  favor  their  increase,  while  surrounding  desert  conditions  limit 

the  spread  of  mice  beyond  the  cultivated  areas. 

of  tbe  group  see  Bulletin  31,  Blologlgal  Surrey. 
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BEPEESSIVE  MEASTJBES. 
POISONS. 

Without  doubt  poisoning  is  the  best  method  at  present  known 
of  dealing  with  field  mice  on  an  extensive  scale.  Besides  eflFective- 
ness,  poisons  should  possess  the  additional  advantage  of  small  cost 
and  the  least  possible  danger  to  man,  to  domestic  stock,  and  to  val- 
uable wild  birds  and  animals.  Comparative  tests  of  a  large  number 
of  poisons,  including  strychnine,  phosphorus,  lead  acetate,  mercuric 
chloride,  arsenic  and  its  compounds,  proved  strychnia  sulphate  by 
far  the  best  and  most  practicable.  Used  in  proper  proportions  it  is 
no  more  costly  than  arsenic,  lead  acetate,  or  mercuric  chloride.  More- 
over, it  is  much  more  readily  eaten  than  are  these  poisons,  which 
render  some  of  the  best  baits  unattractive  to  mice.  Used  on  wheat 
it  is  considerably  more  expensive  than  phosphorus,  but  possesses  many 
advantages;  however,  it  may  be  used  on  mediums  which  make  it  the 
cheapest  poison  practicable. 

Phosphorus. — Yellow  phosphorus  is  exceedingly  dangerous  to  handle 
and  sometimes  causes  disastrous  fires.  Its  solution  in  carbon  bisul- 
phid  is  highly  explosive,  while  wheat  grains  poisoned  with  it  are 
eaten  readily  by  many  birds.  Thus  the  wheat  poisoned  with  this 
solution,  used  by  many  Nevada  ranchmen,  was  as  dangerous  a  poison 
to  prepare  and  to  use  as  could  well  be  devised.  The  preparation  was 
in  the  form  of  a  rapidly  diflFusing  liquid,  of  which  six  ounces  were 
sufficient  to  poison  a  sack  of  wheat. 

Many  ranchmen  adopted  the  method  of  broadcasting  the  poisoned 
wheat  over  their  fields,  either  by  means  of  broadcast  seeders  or 
by  hand.  About  40  pounds  of  grain  were  required  for  each  acre. 
Though  many  mice  were  killed,  this  method  falls  far  short  of  yield- 
ing ihe  best  results.  It  is  not  much  cheaper  than  other  methods,  as 
the  proportion  of  poisoned  grain  wasted  makes  up  for  the  lessened 
labor.  Furthermore,  its  use  is  attended  with  the  greatest  possible 
danger  to  birds. 

A  much  better  method  of  distributing  this  poisoned  grain  is  to 
drop  about  half  a  teaspoonful  into  each  mouse  burrow.  Field  mice 
limit  their  movements  to  their  own  systems  of  trails  and  burrows, 
and  it  is  essential  to  place  a  fatal  dose  of  poison  within  reach  of  each 
mouse.  About  90  per  cent  of  the  mice  were  killed  by  this  method, 
but  in  the  worst-infested  fields  a  man  could  cover  only  three  or  four 
acres  a  day,  and  the  average  cost,  including  labor,  was  from  80  to  90 
cents  per  acre. 

Stryohnine. — Strychnine  is  commonly  on  the  market  in  two  forms. 
For  the  purpose  of  poisoning  field  mice,  care  should  be  taken  to  pro- 
cure strychnia  sulphate,  as  this  is  much  more  readily  soluble  in 
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water  than  ordinary  strychnine  crystals.  Even  in  powdered  form, 
the  sulphate  is  required.  It  fluctuates  considerably  in  price,  but 
usually  can  be  obtained  wholesale  at  about  75  cents  an  ounce. 

Poisons  should  always  be  prepared  at  a  distance  from  the  house, 
where  stock  and  poultry  are  not  endangered.  To  avoid  danger  to 
persons  strychnine  and  the  vessels  in  which  it  is  used  should,  of  course, 
be  carefully  handled  and  safely  stored  away  when  not  in  use.  Ordi- 
nary 5-gallon  oil  cans,  for  which  covers  and  wire  handles  have  been 
provided,  make  excellent  utensils.  A  firehole  about  2  feet  long  and  a 
foot  wide,  over  which  two  iron  rods  are  placed  to  support  the  cans, 
makes  a  fireplace  where  the  solutions  can  be  quickly  prepared.  Gal- 
vanized iron  wash  tubs  are  suitable  for  mixing  the  material  if  grain 
be  used.  For  preparing  poisoned  alfalfa  on  the  large  scale  usually 
necessary,  a  large  metal  receptacle  which  will  permit  the  mixing  of 
30  pounds  of  hay  at  once  is  required.  One  or  two  oil  cans  marked 
into  gallon  measures,  a  sprinkling  can,  and  several  large  strong  spoons 
complete  a  handy  outfit  for  preparing  poisons. 

BAITS  FOB  THE  ADMINISTBATION  OF  POISON. 

• 

Tests  with  various  baits  or  vehicles  for  poison  show  that  three  pos- 
sess distinct  advantages.  These  are  alfalfa  hay,  green  alfalfa,  and 
crushed  wheat. 

Alfalfa  hay. — Alfalfa  hay  was  found  to  be  the  best  vehicle  or 
medium  for  carrying  the  poison  in  winter.  It  was  used  extensively 
in  Humboldt  Valley  up  to  the  time  green  food  appeared  in  March. 
A  single  treatment  of  the  fields  destroyed  from  85  to  95  per  cent 
of  the  mice.  Compared  to  the  grain-phosphorus  preparation  it 
steadily  gave  as  good  or  better  results,  and  is  about.  30  per  cent 
cheaper ;  furthermore,  it  is  entirely  without  danger  to  birds. 

Formula,  . 

Chopped  alfalfa  hay 30  pounds. 

Strychnia  sulphate 1  ounce. 

Water 5  or  6  gallons.* 

The  alfalfa  hay  should  be  fresh  and  green  rather  than  bleached. 
Either  chopped  hay,  including  stems  and  leaves,  or  the  fine  material, 
chiefly  leaves  and  blossoms  from  the  bases  of  stacks,  may  be  used. 
The  chopped  hay  is  preferable,  since  the  stems  retain  the  moisture 
longer.  The  hay  should  be  chopped  into  about  2-inch  lengths,  an 
ordinary  feed  cutter  being  best  for  the  purpose.  The  required 
quantity  should  be  placed  in  a  large  metal  receptacle,  sprinkled  with 
3  gallons  of  fresh  water,  and  well  mixed  with  a  pitchfork.  Dissolve 
1  ounce  of  strychnia  sulphate  in  2  or  3  gallons  of  water  by  heating 

**  Or  as  much  as  the  hay  will  absorb. 
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in  a  closed  vessel.  Sprinkle  the  solution  over  the  dampened  hay  and 
mix  well  until  the  moisture  is  all  taken  up.  The  hay  may  now  be 
sacked  and  is  ready  for  use. 

Only  enough  of  the  material  for  immediate  distribution  should 
be  prepared,  as  it  deteriorates  when  kept  for  several  days.    It  is  best 


FlO,  6. — Upn  dialrlbuting  polsoa. 

distributed  by  hand  (fig.  5),  placing  a  small  pinch,  equal  to  a  tea- 
spoonful,  near  the  entrance  of  each  burrow,  and  scattering  a  little 
here  and  there  along  the  surface  trails.    Care  should  be  taken  to  place 
the  poison  a  little  to  one  side  of  the  mound  (fig.  6)  to  prevent  it  from 
being  covered  by  the  earth 
thrown  out.    In  cold  weather, 
when   the  mice  move   about 
chiefly  in  their  underground 
runs,  it  should  be  dropped 
into  the  biirroirs.    Tlie  damp- 
ening of  the  hay  freshens  it 
remarkably  and  makes  it  a 
tempting  substitute  for  green 
food.     Many  of  the  animals 
eating  it  die  on  the  surface, 
but    about    60  per   cent   of 
those    dest roved   die    under- 
ground.    The  poison  is  ef-  ^'"^  «-"^««  '"  """«  "»■ '«"»'' 
fective  for  several  days,  and  since  much  of  it  is  carried  into  the  bur- 
rows to  be  eaten  later,  its  full  effect  is  not  at  once  evident. 

Some  farmers  hesitate  to  distribute  poisoned  hay  over  their  land 
for  fear  of  poisoning  stock.  If  properly  done,  liowevor.  there  is 
practically  no  danger.    The  proportion  of  strychnine  is  small  and  cal- 
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culated  especially  for  mice.  ItRin  or  the  irrigation  of  fields  renders 
harmless  any  of  the  material  left,  and  the  small  quantity  it  is  neces- 
sary to  put  out  soon  shrivels  to  almost  nothing  from  exposure  to  the 
sun.  In  Humboldt  Valley  extensive  poisoning  was  not  attended  by 
a  single  accident.  It  is  recoinmended,  however,  that  stock  be  kept 
out  of  fields  for  a  few  days  after  poison  has  been  distributed. 

Oreen  alfalfa. — In  Carson  Valley,  in  April,  poisoning  with  green 
alfalfa  hay  was  strikingly  successful.  Although  the  experiments  in 
alfalfa  fields  were  in  places  where  green  food  was  abundant,  still 
nearly  all  the  mice  were  killed  in  the  areas  treated  (fig.  7).    These 


Fia.  7. — Field  mice  poisoned  by  greeo  altalfa. 

animals  habitually  cut  and  store  sections  of  alfalfa  shoots  during 
summer,  and  it  is  not  surprising  that  the  same  material  poisoned  and 
placed  in  their  runs  should  prove  effective. 

Formula. 

Green  alfalfa 46  ponnds. 

, 1   ounce, 

1 J  gallona 

Procure  fresh  green  alfalfa,  preferably  young  shoots,  though  leaves 
and  tops  of  older  plants  also  are  good.  Chop  into  lengths  of  2  or 
3  inches  and  place  in  a  water-tight  receptacle.  Heat  the  strychnia 
in  half  a  gallon  of  water  in  a  closed  vessel  until  thoroughly  dissolved. 
Add  the  poisoned  solution  to  one  gallon  of  cold  water  and  sprinkle  it 
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slowly  over  the  alfalfa,  mixing  until  the  moisture  is  all  taken  up. 
In  general  the  same  method  of  distribution  recommended  for  alfalfa 
hay  should  be  followed.  Several  short  pieces  are  sufficient  for  etfch 
burrow.  Owing  to  the  abundance  of  green  food,  greater  care  should 
be  exercised  in  placing  baits  in  the  holes  and  along  runways.  As 
green  alfalfa  withers  quickly  when  exposed  to  the  sun,  evening  hours 
or  cloudy  days  are  best  for  its  distribution.  Though  it  can  hardly 
be  used  extensively  «iough  to  suppress  well-established  plagues,  it 
is  recommended  for  small  areas,  or  where  mice  are  not  excessively 
numerous.  It  is  especially  valuable  for  destroying  mice  along  ditch 
banks  or  about  the  borders  of  fields  during  the  irrigation  of  fields  in 
summer. 

t  possesses  decided  advantages  over 
ison.  It  is  easier  to  prepare,  and  is 
young  mice  in  summer.  While  con- 
osphorus  preparation,  it  is  much  less 
jrious  when  mice  are  not  extremely 
n  it  is  used  to  prevent  plagues  in  the 


2  gallons. 

1  the  water  in  a  closed  vessel  until 

:he  solution  over  the  wheat  and  mix 

preparation  is  unnecessary  and  even 

>Ie  to  keep  the  poison  several  days, 

red  borax  to  prevent  fermentation. 

This  preparation  was  used  extensively  in  Carson  Valley  in  April  to 

check  a  plague  of  mice  before  alfalfa  became  too  high  to  prevent 

effective  poisoning.    About  85  per  cent  of  the  mice  were  killed  by  a 

single  treatment,  and  this  was  followed  later  by  poisoning  along  the 

ditches  and  in  other  places  where  the  animals  persisted.    The  cost  was 

about  40  cents  per  acre. 

During  these  operations  many  blackbirds  and  magpies  were  poi- 
soned. To  a  less  extent  meadow  larks,  killdeer,  and  mourning  doves 
were  destroyed.  Though  in  this  instance  poisoned  grain  could  not 
be  replaced  by  less  destructive  preparations,  it  should,  when  possible, 
give  place  to  poisoned  green  alfalfa.  Winter  poisoning  with  alfalfa 
hay  will  usually  prevent  the  necessity  for  summer  poisoning. 

OBLITKBATCra  BITHBOWS. 

In  the  lands  traversed  by  the  scourge  in  Humboldt  Valley,  where 
over  large  areas  mouse  holes  were  scarcely  a  step  apart,  it  was  at 
<mce  evident  that  there  was  great  waste  of  material  and  labor  in 
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poisoning.  Usually  there  were  ten  or  more  hole^  for  each  pair  of 
mice,  and  in  fields  partially  deserted  the  proportion  of  unoccupied 
holes  was  much  greater.  When  all  the  holes  were  obliterated,  the 
mice  soon  reopened  those  occupied,  and  poisoning  could  be  done  with 


Flo.  8. — Bruab  drag  used  to  obliterate  n 


the  certainty  of  treating  only  the  occupied  burrows.  A  brush  drag 
(fig.  8)  proved  best  for  the  purpose.  By  this  method  a  saving  of 
about  40  per  cent  in  labor  and  material  resulted,  and  the  average  cost 
of  destroying  mice  with  alfalfa  hay  was  reduced  to  about  3.5  cents 


FiQ.  9. — Effect  of  brueb  drag,  showing  mouse  bolee  In  part  not  dragged. 

per  acre.  While  obliterating  holes  is  practicable  only  under  such 
extreme  conditions  as  were  presented  in  Humboldt  Valley  (fig.  9), 
it  there  proved  of  the  greatest  importance. 

rSBIOATION. 

Though  irrigating  in  summer  destroys  a  large  percentage  of  the 
very  young  mice,  it  does  not  considerably  reduce  the  number  of 
adults.    Moving  ahead  of  the  flood,  they  dart  in  and  out  of  holes 
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already  full  of  water,  swimming  considerable  distances  through  their 
underground  tunnels.  They  cross  ditches  and  furrows  readily, 
traveling  by  water  almost  as  easily  as  by  land.  Many  take  refuge 
in  elevated  spots  and  in  straw  or  other  litter  in  the  fields,  but  by  far 
the  greater  number  are  driven  to  the  elevated  ditch  embankments 
and  to  the  borders  of  fields.  Within  a  few  days  after  the  water  is 
withdrawn  they  again  abound  in  the  fields.  Irrigation  affords  many 
opportunities  for  destroying  the  mice,  both  by  poisoning  and  by  dogs. 
It  has  also  the  effect  of  obliterating  the  burrows,  so  that  for  the  next 
few  days  poisoning  can  be  practiced  with  greater  saving,  since  the 
occupied  burrows  are  easily  recognizable. 

WINTEB  FLOODING. 

It  is  said  that  flooding  the  fields  in  cold  winter  weather  is  an 
effective  method  of  destroying  mice,  as  when  forced  out  of  their 
burrows  they  soon  perish  from  exposure,  or  are  easily  killed  by  dogs. 
This  method  has  been  successfully  practiced  in  Carson  Valley,  and 
appears  to  be  well  worth  trial.  It  can  not  be  practiced  in  all  irri- 
gated districts,  however,  on  account  of  the  shortage  of  water  at  this 
season.  It  should  be  accompanied  by  poisoning  along  the  ditch 
embankments  and  about  the  borders  of  fields. 

BXntNING. 

In  and  about  cultivated  fields  are  many  little  areas  where  mice 
breed  undisturbed.  Waste  strips  along  streams,  swampy  areas,  and, 
on  a  larger  scale,  natural  hay  lands,  serve  as  breeding  places^  from 
which  cultivated  fields  are  invaded.  Poisoning  is  not  usually  prac- 
ticable in  such  places.  Burning  off  the  rank  grass  and  weeds  in 
winter  or  early  spring  is  a  great  help  in  controlling  field  mice.  Many 
of  them  perish,  and  the  land  is  made  uninhabitable  for  the  survivors, 
driving  them  to  locations  where  they  may  be  more  readily  destroyed. 
In  concerted  attempts  to  control  field  mice,  burning  such  areas  should 
always  precede  poisoning  operations. 

DESTBUCnON  OF  WINTEB  COVEB. 

Very  important  in  any  attempt  to  control  field  mice  is  the  keeping 
down  of  rank  grass  and  other  cover  along  ditches  and  about  the 
borders  of  fields.  The  grass  in  such  places  is  frequently  left  in 
haying  time,  because  of  the  difficulty  in  cutting  it.  The  last  growth 
of  alfalfa  is  often  left  to  be  killed  by  frost,  when  it  should  be  pastured 
off  or  otherwise  disposed  of.  Such  cover  affords  the  mice  excellent 
protection  from  hawks,  owls,  and  other  predaceous  birds. 
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FBOTECTION  OF  TREES. 

Clean  cultivation  is  the  greatest  safeguard  to  trees.  Where  rank 
grass,  weeds,  or  cover  crops  are  allowed  to  remain  under  the  trees  in 
winter,  the  attack  of  field  mice  is  invited.  Damage  to  orchards  is 
usually  done  under  cover  of  weeds  and  snow  and  may  reach  serious 
proportions  before  being  noticed.  Many  trees  may  be  so  badly 
injured  that  recovery  is  impossible,  but  most  of  them  can  usually  be 
saved  by  promptly  banking  up  earth  about  the  trunks,  entirely  cover- 
ing the  wounded  parts. 

For  protecting  young  trees  thin  wooden  wrappers,  called  "tree 
protectors,"  are  valuable.  It  is  also  highly  probable  that  the  lime 
and  sulphur  wash  used  by  entomologists  would  prove  effective.  It 
should  be  applied  at  the  beginning  of  winter. 

DOGS  AS  MOUSE  DESTBOYEBS. 

Dogs  are  worth  many  times  their  keep  when  trained  to  hunt  mice. 
Fox  terriers  or  other  small  breeds  take  readily  to  hunting  them  and 
during  irrigation  and  plowing  destroy  great  numbers.  Many  farmers 
in  Nevada  keep  dogs  for  the  purpose  of  killing  ground  squirrels, 
pocket  gophers,  and  field  mice  as  they  are  forced  out  of  their  burrows 
by  water,  and  in  this  way  keep  the  pests  in  check.  Plows  turn  out 
of  the  burrows  practically  all  the  field  mice  present,  so  that  they 
become  easy  victims  for  dogs.  Dogs  trained  to  follow  plows  very 
materially  reduce  the  number  of  mice  in  the  areas  covered.  As  an 
inexpensive  and  effective  help  in  controlling  field  mice,  dogs  can  not 
be  too  highly  recommended. 

SUMMABY  OF  BEPBESSIVE  MEASUBES. 

It  has  been  proved  that  field  mice  are  easily  controlled  by  poison- 
ing, or  by  a  combination  of  poisoning  and  other  methods,  so  there  is 
little  excuse  for  permitting  mouse  plagues  to  develop.  Constant  at- 
tention is  obviously  the  way  to  avert  such  scourges.  The  encourage- 
ment of  natural  enemies,  the  destruction  of  rank  cover,  the  keeping 
of  well-trained  dogs,  and  a  little  poisoning  in  winter,  are  ordinarily 
sufficient  to  hold  the  pests  in  check. 

On  account  of  its  extremely  dangerous  character  and  the  wide- 
spread destruction  it  causes,  the  use  of  phosphorus  is  not  advised, 
especially  since  strychnia  sulphate  is  fully  as  destructive  to  the  mice 
at  no  greater  cost.  When  mice  are  abundant  in  winter  and  e^rlj 
spring,  thorough  treatment  with  poisoned  alfalfa  hay  will  usually 
prevent  serious  damage  in  summer.  When  from  neglect  of  this,  or 
through  other  cause,  it  is  necessary  to  destroy  mice  in  simmier,  poi- 
soned green  alfalfa  will  commonly  suffice.    To  avert  threatened  plagues 
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at  this  season,  where  it  is  necessary  to  treat  large  areas  quickly, 
poisoned  crushed  wheat  is  the  best  agent  to  employ. 

NATUKAL  EHEMIES  OF  FXELD  UOE. 

Of  the  many  remarkable  features  of  the  mouse  plague  in  Humboldt 
Valley,  none  is  of  greater  interest,  or  indeed,  of  greater  significance, 
than  the  large  numbers  of  birds  and  mammals  which  gathered  to  feed 
on  the  mice.  In  all  other  localities  menaced  these  valuable  allies  of 
the  farmer  appeared  in  similar  abundance.  Under  rows  of  trees, 
about  the  bases  of  fence  posts,  and  scattered  everjrwhere  in  the  fields 
were  regurgitated  pellets  of  mouse  fur  and  bones,  affording  abundant 
proof  of  the  services  rendered  by  birds;  while  many  holes  and  de- 
stroyed nests  in  the  fields  showed  the  work  done  by  skunks  and 
coyotes.  So  apparent  was  the  assistance  rendered  by  these  creatures 
that  it  attracted  the  attention  and  secured  the  protection  of  the  farm- 
ers, many  even  sparing  the  coyote,  whose  services  as  a  mouse  de- 
stroyer deserve  to  be  more  widely  recognized.  In  Nevada  coyotes 
were  frequently  seen  catching  mice  in  the  daytime,  and  their  drop- 
pings were  composed  entirely  of  mouse  fur  and  bones. 

It  is  deplorable  that,  even  when  their  usefulness  is  as  apparent  as 
here,  some  persons  continue  to  destroy  valuable  birds  and  mammals. 
During  the  investigations  in  Humboldt  Valley,  no  less  than  29  large 
hawks  were  found  hanging  on  wire  fences,  their  useful  lives  ended 
by  thoughtless  gunners. 

The  striking  evidence  of  the  valuable  services  of  the  natural  enemies 
of  mice  seen  during  this  plague  is  but  an  example  of  their  constant 
value.  Hawks,  owls,  gulls,  crows,  ravens,  herons,  and  shrikes  among 
birds;  and  skunks,  coyotes,  foxes,  weasels,  badgers,  and  wildcats 
among  mammals  habitually  prey  upon  field  mice,  and  are  most  val- 
uable  in  preventing  imdue  increase  of  these  pests. 

Thorough  studies  have  shown  hawks  and  owls  to  be  most  bene- 
ficial allies  of  the  farmer,  orchardist,  and  nurseryman.*  Most  species 
rarely,  and  many  of  them  never,  attack  poultry.  But  even  were  the 
depredations  of  the  several  species  which  kill  poultiy  much  more  con- 
siderable, a  small  price  would  be  paid  for  their  services  in  destroying 
rodents.  In  the  Nevada  valleys  all  species  of  hawks  and  owls  are 
distinctly  beneficial,  and  here  rigorous  protection  can  not  be  too 
strongly  advocated. 

Among  mammals  the  weasel  and  the  skunk  are  especially  worthy 
of  protection.  They  are  most  persistent  enemies  of  mice,  and  are  less 
likely  to  be  driven  out  by  civilization  than  are  other  mammals.    When 

^See  Circular  No.  61  of  the  Biological  Surrey,  Hawks  and  Owls  from  the 
Standpoint  of  the  Farmer. 
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particular  indiyidoals  raid  poultry  houses  it  may  be  necessary  to 
destroy  them,  thou^  usually  it  is  easy  to  make  such  houses  proof 
against  their  attacks.  Far  from  being  a  menace,  they  are  generally 
most  beneficial  mammals,  and  living,  aie  worth  many  times  the  value 
of  their  pelts. 

.It  is  gratifying  to  note  that  in  many  localities  the  people  are  learn- 
ing to  appreciate  these  natural  enemies  of  rodent  pests,  for  even  more 
important  than  legislation  for  the  protection  of  valuable  birds  and 
animals  is  the  recognition  of  their  services  by  the  farmers. 

In  Nevada  it  was  noticed  that  hawks  and  owls  hunted  chiefly  in 
fields  near  the  few  plantations  of  large  trees  to  be  found  in  the  valleys. 
Beneath  these  trees  the  ground  was  fairly  carpeted  by  disgorged 
pellets  of  fur  and  bones,  representing  thousands  of  mice.  While 
c^*tain  species  of  hawks  seldom  frequent  trees,  others  habitually  perch 
in  them,  notably  the  large  rough-leg,  Swainson,  and  red-tail,  which 
were  the  most  abundant  and  persistent  mousers.  In  nearly  all  of  the 
valleys,  even  those  which  have  been  farmed  for  years,  the  absence  of 
trees  is  notable.  More  trees  along  ditches,  about  the  borders  of  fields, 
and  in  groves  here  and  there  would  doubtless  increase  the  number  of 
valuable  resident  hawks  and  owls  and  attract  more  winter  visitors. 

COHCLUSIONS. 

The  plague  of  field  mice  in  Nevada  illustrates  the  dangerous  pro- 
clivities of  this  group  of  rodents  and  stamps  them  as  most  serious 
pests.  Since  field  mice  possess  in  marked  degre*  the  tendency  to 
periodic  excessive  multiplication,  plagues  are  possible  wherever  they 
exist.  In  view  of  the  natural  increase  of  field  mice  resulting  from  the 
reclamation  of  desert  lands  and  the  gradual  extirpation  of  their 
natural  enemies,  mouse  plagues  of  vastly  greater  proportions  are  by 
no  means  improbable. 

An  understanding  of  the  manner  in  which  such  plagues  develop  is 
essential  in  attempts  to  prevent  them.  Control,  easy  in  the  beginning, 
becomes  very  difficult  and  expensive  after  a  plague  is  well  established. 
In  Humboldt  Valley,  in  the  beginning,  a  little  poisoning  with  green 
alfalfa  or  crushed  wheat  would  have  sufficed  to  prevent  the  plague. 
During  the  fall  and  winter  of  1906-7,  when  the  mice  seriously  injured 
fields  here  and  there,  they  could  have  been  destroyed  with  poisoned 
alfalfa  hay.  Even  during  the  summer  of  1907  concerted  and  vigorous 
poisoning  would  have  destroyed  them  at  a  cost  small  indeed  in  com- 
parison with  the  damage  they  inflicted  later. 

Winter  poisoning  with  d,lf  alf  a  hay  is  the  most  practicable,  since  the 
absence  of  green  herbage  is  a  distinct  advantage.  Ordinarily,  poi- 
soning in  winter  will  prevent  the  necessity  for  it  in  summer.  When, 
however,  mice  appear  in  alarming  nmnbers  in  spring  they  should  be 
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promptly  suppressed,  since  under  these  conditions  a  plague  may  be 
well  established  by  fall.  But  if  in  default  of  such  preventive  meas- 
ures a  plague  is  well  established,  nothing  short  of  systematic  and 
vigorous  poisoning  will  check  it.  This  requires  the  employment  of 
enough  men  to  cover  the  infested  areas  in  a  reasonably  short  time. 

In  localities  where  mice  are  present  in  destructive  numbers,  system- 
atic effort  to  control  them  results  not  only  in  considerable  saving  to 
the .  ranchman,  but  proves  the  best  safeguard  against  more  serious 
damage. 

On  the  enormous  ranches  of  the  West,  the  centers  of  abundance 
which  form  the  starting  points  for  general  invasions  may  develop 
on  the  lands  of  persons  who  neglect  to  control  them.  If  each  ranch- 
man will  consider  the  suppression  of  field  mice  on  his  own  land  a 
regular  part  of  fanning  operations,  such  scourges  of  mice  will  never 
occur. 
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throughout  the  country  information  regarding  experiments  at  the  different  experiment 
stations,  and  thus  to  acquaint  farmers  in  a  general  way  with  the  progress  of  agricul- 
tural investigation  on  its  practical  side.  The  results  herein  reported  should  for  the 
most  part  be  regarded  as  tentative  and  suggestive  rather  than  conclusive.  Further 
experiments  may  modify  them,  and  experience  alone  can  show  how  far  they  will  be 
useful  in  actual  practice.  The  work  of  the  stations  must  not  be  depended  upon  to 
produce  "rules  for  farming."  How  to  apply  the  results  of  experiments  to  his  own 
conditions  will  ever  remain  the  problem  of  the  individual  former. — A.  C.  Truk, 
Director,  Office  of  Experiment  Stations. 
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COMMEBCIAL  CIOVEB  SEED.^ 

Clean  soil  and  clean  seed  are  essential  to  a  clean  crop.  These 
requirements  are  especially  necessary  when  the  crop  to  be  grown  is 
of  slow  development  in  its  earlier  stages,  as  in  the  case  of  clover, 
alfalfa,  and  certain  other,  particularly  the  grass,  crops.  When  land 
has  been  kept  free  from  weeds  and  the  seed  bed  carefully  prepared 
it  is  readily  realized  how  great  a  loss  results  when  noxious  weed 
seeds  are  introduced  with  the  seed  for  a  crop.  As  is  pointed  out  by 
a  recent  bulletin  of  the  Connecticut  Station,  there  is  frequently 
great  danger  of  securing  in  the  open  market  clover  seed  of  poor 
quality,  and  the  advice  is  given  that  purchasers  make  sure  of  the 
quality  of  the  seed  before  buying.  Of  fifty-one  samples  of  clover 
seed  examined  by  this  station  three  were  heavily  adulterf\ted  with 
black  medic  and  only  ten  were  apparently  free  from  dodder,  and 
two  of  these  had  a  very  low  vitality.  Only  one-sixth  of  the  entire 
number  of  samples  analyzed  was  fit  for  use. 

With  reference  to  the  weight  of  the  samples,  it  is  said  that  clover 
seed  of  average  quality  should  weigh  about  1.5  grams  per  1,000 
seeds,  making  about  302,000  seeds  to  the  poxmd.  Of  the  samples 
examined  twenty-six  did  not  reach  this  standard.  Two  weighed 
only  1.27  grams  or  less,  equal  to  363,000  seeds  to  the  poxmd,  while 
on  the  other  hand  two  weighed  2.92  grams  per  1,000  seeds,  equal 
to  236,000  seeds  per  poxmd.  Sowing  a  certain  number  of  pounds 
of  light  seed  per  acre  would  put  a  greater  number  of  seeds  on  the 
area  than  if  the  same  quantity  of.  heavy  seed  was  sown,  but  \mder 
the  same  conditions  the  heavy  seed  would  be  more  likely  to  give  a 
satisfactory  stand. 

The  vitality  tests  made  under  laboratory  conditions  showed  an 
average  vitality  of  86.6  per  cent  for  the  fifty-one  samples,  or,  in 
other  words,  an  average  of  86.6  out  of  every  100  clover  seeds  in  the 
germination  tests  had  life  enough  to  produce  a  sprout.     This  result 

«  A  progress  reawrd  of  experimental  inquiries,  published  without  assumption  of 
responsibility  by  the  Department  for  the  correctness  of  the  facts  and  conclusions 
reported  by  the  stations. 

ft  Compiled  from  Connecticut  State  Sta.  Bui.  160.    See  also  U.  S.  Dept.  Agr., 
Fann^is'  Bui.  79,  p.  17. 
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is  regarded  as  satisfactory,  although  the  vitality  is  but  little  above 
the  provisional  minimum  of  85  per  cent  reconmiended  by  the  seed 
laboratory  of  this  Department  for  conmiercial  clover  seed.  Twenty 
of  the  samples  fell  below  85  per  cent,  four  below  75  per  cent,  and 
the  lowest  was  64.2  per  cent. 

The  purity  of  clover  seed  is  likely  to  be  of  greater  importance 
than  its  weight  or  its  vitality.  While  light  or  old  and  weak  seed 
may  be  the  cause  of  a  partial  failure  of  the  crop,  and  generally  does 
result  in  an  imperfect  stand,  impure  seed  often  produces  a  greater 
loss  by  noxious  weeds  introduced  with  it,  and  especially  is  this  the 
case  if  it  contains  dodder,  which  often  partly  or  entirely  ruins  a 
crop  and  which  may  stay  in  the  land  as  long  as  the  particular  clover 
crop  is  grown  on  it.  The  average  purity  in  this  collection  of  samples 
was  90.5  per  cent,  or  7.5  per  cent  lower  than  the  provisional  standard 
of  this  Department,  which  is  98  per  cent.  The  expression  "  98  per 
cent  purity"  means  that  of  100  pounds  of  seed  bought  98  pounds 
are  clover  and  the  rest  is  dirt  or  foreign  seeds.  A  botanical  analysis 
of  five  samples  showed  the  presence  of  at  least  thirty-five  species  of 
foreign  seeds,  including  several  kinds  of  dodder  and  total  numbers 
of  foreign  seeds  ranging  from  12,458  to  78,604  per  pound.  Atten- 
tion is  called  to  the  fact  that  if  the  foreign  clover,  alfalfa,  and  timothy 
seeds  present,  which  range  from  about  2,500  to  35,000  per  pound, 
are  left  out  of  account  a  seeding  of  8  pounds  per  acre  of  any  of  these 
samples  would  plant  from  two  to  eight  weed  seeds  on  every  square 
foot  of  ground. 

Three  samples  of  the  lot  were  evidently  adulterated.  The  first 
contained  21.2  per  cent,  the  second  22.6  per  cent,  and  the  third  as 
high  as  39.1  per  cent  of  black  medic  (Medicago  lupvlina),  a  legu- 
minous plant  of  little  or  no  value  and  apparently  chiefly  used  for 
adulteration  of  red  clover  seed,  the  importations  of  which  into  this 
country  frequently  carry  a  very  high  percentage  of  this  adulterant. 
The  two  kinds  of  seed  are  of  about  the  same  size  and  do  not  differ 
much  in  color,  although  black  medic  seed  never  has  the  purple  or 
violet  color  of  red  clover  seed.  The  medic  seeds  are  also  more  oval 
in  shape  than  those  of  red  clover,  which  have  a  distorted  heart  shape, 
a  roughly  triangular  outline  with  rounded  comers. 

The  weed  most  dangerous  and  destructive  to  the  clover  crop  is 

dodder,  and  the  seed  of  this  pest  is  about  as  large  as  small  clover 

seed  and  very  difficult  to  separate  from  it.     In  color  it  is  light  gray, 

yellowish  or  light  brown,  dull,  finely  roughened,  but  not  pitted. 

Its  method  of  attacking  the  clover  plant  is  described  as  follows: 

The  seed  of  this  weed  germinates  in  the  ground,  sends  up  a  thread-like  stem,  yellow 
or  reddish  in  color,  which  immediately  attaches  itself  to  its  host  plant.  If  it  finds  no 
plant  on  which  it  can  feed,  it  dies,  being  entirely  a  parasite.  Finding  a  suitable  plant, 
it  twines  closely  around  the  stem  or  leaf,  sends  its  sucking  oigans  into  the  tissue,  and 
lives  on  its  juices,  weakening  or  killing  the  host.    Its  connection  with  the  ground 

353 


soon  ceases,  and  when  actively  growing  the  stem  may  be  cut  into  any  number  of 
pieces,  each  of  which,  if  attached  to  clover,  will  continue  to  flourish.  It  flowers  and 
produces  abimdant  seed,  which  stocks  the  ground  for  the  next  clover  crop.  Clover 
infested  with  dodder  lodges,  mats  together,  can  not  be  properly  cured,  and  either 
because  of  the  dodder  present  or  the  molding  of  the  clover  in  consequence,  has  been 
known  to  scour  cows  when  fed  out  as  hay. 

In  twenty-eight  carefully  tested  samples  from  18  to  11,615  dodder 
seeds  were  found  per  pound  of  clover  seed.  It  is  pointed  out  that  a 
seeding  of  8  pounds  per  acre  of  these  two  samples  would  place  one 
seed  to  every  300  square  feet  and  two  seeds  to  every  square  foot  of 
land,  respectively.  From  alfalfa  seed  the  dodder  seed  may  be  sepa- 
rated by  sifting  in  sieves  made  for  this  particular  purpose,  but  owing 
to  the  small  size  of  red  clover  seed  this  method  can  not  be  applied  in 
cleaning  it  from  dodder. 

DODDER  nr  ALFALFA  S£ED.<> 

The  appearance  of  dodder  in  clover  and  alfalfa  fields  is  generally 
most  dangerous  to  the  crop.  The  ordinary  operations  of  mowing, 
raking,  and  hauling  tend  to  spread  this  troublesome  parasite,  and 
with  every  new  center  of  infection  the  chances  of  the  crop  grow  less. 
A  recent  circular  of  the  New  York  Experiment  Station  at  (Jeneva 
describes  the  injury  resulting  from  dodder  in  alfalfa  fields  as  follows: 

Dodd^  is  a  yellow,  thread-like  twining  weed  which  is  exceedingly  troublesome  in 
alfalfa  fields.  It  appears  in  circular  spots  3  to  30  feet  or  more  in  diameter.  At  the 
center  of  the  spot  the  alfalfa  is  killed  out,  while  around  the  margin  the  ground  is  cov- 
ered with  a  mat  of  yellow  threads  which  twine  closely  about  the  stems  of  the  alM^ 
plants  and  slowly  strangle  them.  The  spots  increase  in  size  from  year  to  year.  Many 
fields  have  been  completely  ruined  by  dodder.  It  is  not  often  injurious  to  other 
crops  (except  red  clover),  but  once  established  in  an  alfalfa  field  it  is  very  difficult  to 
eradicate  without  killing  the  alfalfa. 

As  dodder  is  usually  introduced  with  clover  and  alfalfa  seed,  the 
purchase  and  use  of  dodder-free  seed  can  not  be  too  strongly  urged. 
Clean  seed,  however,  car  not  always  be  secured,  and  therefore  clean- 
ing the  seed  is  often  necessary.  Frequently  neither  the  purchaser 
nor  the  seed  dealer  knows  dodder  seed,  and  consequently  in  many 
cases  the  first  proof  of  its  introduction  is  the  appearance  in  the  field 
of  the  weed  itself.  In  view  of  these  facts,  the  New  York  Station 
recommends  that  seed  be  examined  before  it  is  sown  to  determine 
the  presence  of  dodder. 

Alfalfa  seed  is  larger  than  dodder  seed  and  advantage  was  taken 
of  this  fact  by  the  station  to  perfect  a  method  by  which  commercial 
alfalfa  seed  may  be  made  practically  free  from  dodder  and  safe  to  sow. 
It  was  found  that  dodder  seeds  are  readily  removed  by  sifting  through 
a  wire  sieve  having  20  meshes  to  the  inch.  Since  ready-made  sieves  of 
this  mesh  are  not  readily  obtainable,  it  is  advised  to  construct  a  light, 

a  Compiled  from  N.  Y.  State  Sta.  Circ.  8. 
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wooden  frame  12  inches  square  by  3  inches  deep  and  tack  over  the 
bottom  of  it  20  by  20  mesh  steel-wire  cloth  of  No.  34  Washburn  & 
Moen  gauge  wire.  (Fig.  1.)  This  quantity  of  wire  cloth  ought  not 
to  cost  more  than  15  or  20  cents.  In  case  brass  or  copper  wire  cloth 
is  used  the  wire  should  be  No.  32  on  the  English  gauge.  It  is  im- 
portant that  the 
wire  cloth  used  be 
exactly  20  by  20 
mesh,  which  may 
he  determined  by 
placing  a  ruler  on 
the  sieve  or  cioth 
and  counting  the 
number  of  spaces 
to  the  inch.  With 
a  sieve  of  this  kind 
itisestimated  that 
a  man  can  clean 
from  3  to  7  bushels 
of  alfalfa  seed  per 
day.  From  one- 
fourth  to  one-half 
pound  of  seed,  and 
no  more,  should  be 
put  into  the  sieve 
at  a  time  and  vig- 
orously shaken  for 
one-half  minute. 
To  make  the  work 
uniformly  thor^ 
ough  the  use  of  a 
cup  holding  not 
over  one-half 
pound  of  seed  and 
careful  timing  of 
the  sifting  is  rec- 
ommended.  Ifthe 

F[0.  l.-Toolfl  required  tor  «irilii(i  allalb  seed  to  remove  dodder  Seed  Contains  but 
seed:  A,  llorne-mflde  sieve  12  Inrhoa  square  bySlnchea  deep;  B,  30  [jttlo  dodder  ODe 
by20inMhwiredotliinadeolNo.34steelttlre.    (NaturolelM.)  .,,.  ,      ,       , 

siftmg  may  do,  but 
when  much  doddrr  is  present,  and  particularly  if  it  is  of  the  large- 
seeded  kind,  two  siftiiigs,  both  made  stiictly  as  directed,  are  advised. 
In  experimenting  with  this  method  it  was  observed  that  besides  the 
dodder  seeds  various  other  small  weed  seeds,  broken  seeds,  and  dirt, 
as  well  as  some  of  the  smaller  alfalfa  seeds,  were  also  removed  by 


sifting.  The  siftings  varied  from  about  1  to  5  pounds  per  bushel, 
according  to  the  original  cleanness  of  the  seed  and  the  thoroughness 
of  the  sifting.  The  rejection  of  the  siftings  is  considered  as  causing 
but  little  if  any  loss. 

OBOWDTG  POTATOES  TJHDEB  STRAW.  <" 

In  a  previous  bulletin  of  this  series'*  attention  was  called  to  the  good 
results  obtained  by  R.  A.  Emerson,  of  the  Nebraska  Station,  in  grow- 
ing seed  potatoes  under  mulch.  Seed  so  gro>\Ti  was  found  to  be,  under 
the  warm  dry  summer  conditions  of  Nebraska,  much  better  than  that 
produced  by  ordinary  methods  of  culture.  Mulching  was  also  found 
as  a  rule  to  increase  the  yield,  and  the  results  in  general  indicate  that 
while  mulching  would  not  be  practical  on  a  large  scale,  on  account  of 
the  large  amount  of  mulching  material  needed  and  the  cost  of  appli- 
cation, it  is  entirely  feasible  on  a  small  scale,  as  for  instance,  when  the 
fanner  raises  a  few  potatoes  for  his  own  table  or  when  he  wishes  to 
raise  a  few  seed  potatoes. 

The  practice  has  much  to  commend  it  in  hot,  dry  climates,  as  the 
mulch  conserves  the  soil  moisture,  but  is  not  so  successful  in  a  wet 
season  unless  the  ground  selected  is  well  drained.  Another  reason 
for  the  use  of  mulches  is  that  it  saves  cultivation  in  the  busy  season, 
and  in  this  respect  early  mulching  is  preferable  to  late  mulching. 

A  writer  in  The  Agricultural  Gazette,  of  New  South  Wales,  says: 

Periiape  no  other  field  or  garden  crop  is  more  benefited  by  a  liberal  mulch  of  wheat 
0traw  (or  other  litter)  than  potatoes,  and  especially  is  this  the  case  with  the  second 
crop  planted,  say,  in  January.  If  the  soil  be  well  fined,  the  potatoes  planted  closely 
and  covered  shallow,  and  a  mulch  of  from  1  to  3  or  4,  or  even  6  inches  of  straw  ap- 
plied immediately  upon  planting,  good  results  are  sure  to  follow.  The  potatoes 
will  need  no  cultivation  if  the  straw  be  applied  at  once  before  a  packing  rain.  It 
prevents  the  packing  of  the  soil  by  such  a  rain,  breaking  the  force  of  the  descending 
drops,  and  letting  them  down  to  seep  slowly  into  the  soil;  and,  intervening  between 
soil  and  wind  and  aim,  keeps  it  there,  very  largely,  at  least.  It  would  be  [a  very]  bad 
year  if  potatoes  Mled  to  do  well  imder  such  treatment. 

If  every  burner  who  grows  wheat  will  try  the  following  plan  he  w^ill,  in  a  figurative 
sense,  convert  his  wheat  straw  into  potatoes:  As  soon  as  the  stripper  has  harvested 
the  grain,  mow  the  straw  with  mowing  machine  or  scythe  and  rake  into  windrows, 
with  horse  rake  or  otherwise.  Immediately  plow  and  harrow  the  land  between  the 
windrows,  and  plant  the  potatoes  in  the  usual  way,  only  they  may  be  planted  in  rows 
closer  together  than  the  usual  distance,  in  order  to  economize  the  mulch.  Plant  in 
shallow  furrows,  and  cover  with  the  harrow,  leaving  the  land  perfectly  level.  Cover 
at  once  with  the  mulch  of  straw  to  whatever  thickness  you  have  straw  sufficient  for, 
and  the  work  is  done.  The  potatoes  will  come  up  through  the  straw  and  flourish, 
and  never  be  troubled  by  weeds.  No  further  cultivation  will  be  necessary.  When 
tiie  potatoes  are  gathered,  many  fine  tubers  will  be  found,  not  only  in  the  soil  and 
near  the  sur&M^e,  but  lying  on  the  top  of  the  ground  just  under  the  straw.    *    *    * 

j^^ _  I  ^ 

aCompiled  from  Nebraska  Sta.  Bui.  97;  Agr.  Gaz.  N.  S.  Wales,  11  (1900),  ISo.  1. 
pp.  46,  47;  19  (1908),  No.  3,  p.  104. 

bV.  S.  Dept.  Agr.,  Farmers*  Bui.  305,  p.  8. 
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If  wheat  staraw  is  not  available  for  mulching  potatoes,  bushes,  suckers,  and  green 
branches  from  trees  laid  thickly  over  the  whole  surface  of  the  soil  will  be  found  a 
very  good  substitute. 

It  is  to  be  noticed  that  the  above  was  written  for  a  country  that  is 
subject  to  periods  of  drought;  also  that  January  there  corresponds  to 
July  in  this  hemisphere. 

Another  writer  in  the  same  journal  describes  an  extreme  type  of 
the  mulch  method  of  growing  potatoes,  which  may  be  used  on  heavy 
stiff  lands  not  suited  to  potatoes,  as  follows: 

The  groimd  is  plowed  deeply  and  harrowed  into  a  good  state  of  tilth;  the  potatoes 
are  then  placed  by  hand  firmly  in  the  soil  imtil  they  are  about  half  covered;  then 
12  to  15  inches  of  wheaten  straw  is  placed  over  them;  this  completes  the  planting. 
Nothing  move  is  done  until  the  potatoes  are  picked — not  dug — from  imder  the  straw, 
for  they  lie  on  top  of  the  ground  around  the  seed  set.  *  *  *  The  straw  forms  a 
protection  from  the  sun  and  other  destructive  agents,  the  same  as  the  earth  does  when 
they  are  grown  in  the  ordinary  way. 

This  method  of  course  commends  itself  only  for  small  scale  garden 
operations,  but  certainly  has  the  advantages  of  ease  and  simplicity. 
Potatoes  so  grown  can  be  easily  removed  from  the  hill  from  time  to 
time  as  they  mature. 

A  method  of  this  kind  has  been  used  to  some  extent  in  certain  parts 
of  this  country,  where  it  is  known  as  the  "  lazy  bed."  While  conven- 
ient and  economical  of  labor,  it  of  course  is  not  to  be  recommended 
except  where  better  methods  of  culture  are  not  feasible. 

HENS  VSESUS  nrCTJBATORS.<> 

The  question  of  the  relative  merits  of  hens  and  incubators  as  a 
means  of  hatching  chickens  is  of  much  importance  to  all  who  raise 
poultry  on  a  scale  at  all  extensive. 

The  person  who  raises  only  a  small  number  of  chickens  will,  as  a 
rule,  do  better  to  use  hens  for  hatching  purposes,  wliile  the  com- 
mercial poultryman,  who  must  be  able  to  have  stock  ready  for  market 
at  different  times,  is  practically  compelled  to  use  incubators.  How- 
ever, all  studies  of  the  relative  efficiency  of  the  two  methods  of  hatch- 
ing are  of  value  since  they  may  point  the  way  for  improvement  in 
the  artificial  method  of  incubation,  bringing  it  gradually  nearer  in 
results  to  the  natural  method. 

The  Oregon  Station  has  recently  made  studies  of  various  problems 
of  incubation,  and  the  results  bearing  on  relative  efficiency  of  hens 
and  incubators  are  summarized  as  follows : 

(1)  From  879  eggs  set,  incubators  hatched  533  chicks,  or  60.6  per  cent. 

(2)  From  279  eggs,  hens  hatched  219  chicks,  or  78.8  per  cent. 

(3)  Eliminating  eggs  broken  in  nests,  the  hens  hatched  88.2  per  cent  of  eggs  set. 

(4)  The  incubators  hatched  78.5  per  cent  of  ** fertile  "  eggs,  and  the  hens  hatched  96.5 
per  cent. 


«  Compiled  from  Oregon  Sta.  Bui.  100. 
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(5)  EggB  incubated  artificially  tested  out  22.7  per  cent  as  infertile,  while  those  in- 
cubated by  hens  tested  out  11.8  per  cent. 

(6)  The  incubators  showed  16.6  per  cent  of  chicks  ''dead  in  the  shell,"  and  the 
hena  2.8  per  cent. 

(7)  Chicks  hatched  under  hens  weighed  heavier  than  chicks  hatched  in  incubat<m. 

(8)  The  mortality  of  hen-hatched  chicks  brooded  in  brooders  was  10.8  per  cent  in 
four  weeks,  and  of  incubator-hatched  chicks  33.5  per  cent. 

(9)  The  mortality  in  hen-hatched  chicks  brooded  under  hens  was  2.2  per  cent, 
and  of  incubator  chicks  49.2  per  cent. 

(10)  In  other  tests  the  mortality  was  46.5  per  cent  for  incubator  chicks  brooded  by 
hens  and  58.4  brooded  in  brooders. 

(11)  Hen-hatched  chicks  made  greater  gain  in  weight  than  incubator  chicks, 
whether  brooded  by  hens  or  brooders. 

From  these  results  Professor  Dryden  concludes  that  hens  were 
more  efficient  hatchers  than  the  incubators,  though  the  incubators 
hatched  a  fairly  satisfactory  number  of  the  eggs. 

It  may  be  true  in  practice  that  the  incubator  will  hatch  as  many  chicks,  on  the 
average,  as  the  sitting  hen,  because  the  hen  sometimes  breaks  eggs  in  the  nest  and 
sometimes  quits  her  job,  two  things  that  the  incubator  is  not  guilty  of,  though  occa- 
sionally the  lamp  will  go  out,  the  temperature  will  go  wrong,  and  all  the  eggs  will  be 
spoiled.  But  this  is  a  matter  of  care  with  the  operator,  and  with  fair  care  the  loss 
from  accidents  will  be  less  in  the  incubators  than  under  hens.  It  may  therefore  be 
that  an  incubator  properly  attended  will,  on  the  average,  hatch  as  many  chicks  from 
a  certain  number  of  eggs  as  a  certain  number  of  hens  will  hatch  from  the  same  number 
of  eggs  <^  the  same  kind. 

Successful  incubation,  however,  does  not  mean  merely  the  hatching  of  a  large  per- 
centage or  a  certain  percentage  of  the  eggs;  the  serious  problem  is  not  how  to  hatch 
the  greatest  percentage  of  the  eggB,  but  it  is  rather  how  to  hatch  the  largest  number  of 
chicks  of  greatest  vitality.  The  test  of  the  incubator  is  not  that  it  hatch,  on  the  aver- 
age, as  large  a  percentage  of  the  eggs  as  the  sitting  hen,  but  that  it  hatch  as  many  and 
as  good  chicks  as  a  good  sitting  hen.  Until  this  can  be  done  poultry  enterprises  will 
continue  to  lag  where  artificial  methods  of  incubation  are  used. 

On  the  whole  the  results  show  that  artificial  incubation  is  responsible  for  the  large 
percentage  of  chicks  '^dead  in  the  shell,''  as  well  as  for  the  large  mortality  of  chicks  in 
the  brooder.  There  are  doubtless  brooder  problems  affecting  the  vitality  of  the  chick, 
but  this  fact  should  not  obscure  the  plain  demerits  of  artificial  incubation.    *    *    * 

That  the  incubator  is  the  cause  of  the  mortality  in  the  chicks  was  demonstrated  in 
two  wajrs:  First,  when  hen-hatched  chicks  and  incubator-hatched  chicks  were  put 
together  in  the  same  brooder,  the  former  lived  well  and  the  latter  showed  a  large  death 
rate;  and,  second,  it  was  demonstrated  when  hen-hatched  chicks  and  incubator- 
hatched  chicks  were  put  together  with  the  same  hen  or  hens,  the  former  lived  well 
and  the  latter  showed  the  usual  mortality,  or  practically  so. 

In  considering  the  relative  profitableness  of  the  two  methods, 
accoimt  should  also  be  taken  of  the  relative  cost  of  labor. 

The  figures  given  above  show  that  there  was  a  marked  difference  in 
weight  of  hen-hatched  and  incubator-hatched  chicks.  While  the 
cause  of  this  difference  was  not  definitely  determined  in  these  experi- 
mentSy  it  was  found  that  the  adding  of  moisture  to  the  incubators 
increased  the  weight  of  the  chick.  Professor  Dryden  is  of  the  opin- 
ion, however,  that  it  is  not  a  question  of  moisture  alone,  because  ho 
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found  "that  by  increasing  the  moisture  in  incubators  to  such  an 
extent  that  the  eggs  lost  less  weight  than  eggs  under  hens  normally, 
the  incubator  chicks  weighed  less  than  the  hen  chicks,  though  the 
moisture  increased  the  weight  of  the  incubator  chicks." 

The  proper  handling  of  incubators  is  fully  discussed  in  a  Farmers' 
Bulletin  of  this  Department.* 

PREPABnra  fowls  for  market.^ 

In  continuation  of  his  suggestions  to  amateur  poultrymen  previ- 
ously noted,*'  C.  K.  Graham  in  a  recent  bulletin  of  the  Connecticut 
Storrs  Station  gives  directions  for  preparing  fowls  for  the  market. 
He  states  that ''  the  method  of  killing  not  only  affects  the  plucking 
of  the  fowl,  but  will  to  a  largo  degree  affect  the  quality  of  the  flesh." 

Chickens  should  not  be  chased  or  excited  before  killing,  as  this  is 
thought  to  have  an  unfavorable  effect  on  the  flavor  and  texture  of  the 
flesh.  To  avoid  this  it  is  well  to  have  a  catching  hook  such  as  is  de- 
scribed in  a  former  bulletin  of  this  series.*^  The  best  method  of  killing 
is  probably  by  bleeding,  and  is  described  as  follows: 

Hold  the  head  of  the  bird  with  the  left  hand,  back  of  the  head  up,  keeping  the 
hand  on  the  back  of  the  neck  to  avoid  cutting  yourself  should  the  knife  slip  and 
pass  through  the  top  of  the  head.    Take  the  knife  in  the  right  hand,  the  back  of  the 
blade  toward  your  body.    Insert  the  blade  in  the  mouth,  keeping  the  point  to  the 
right  side  of  the  bird^s  neck  and  as  near  the  outer  skin  as  possible  until  it  is  well  past 
the  neck  bone.    Then  press  the  edge  toward  the  bone  and  slowly  draw  the  knife  from 
the  mouth,  the  hand  moving  from  your  body,  so  that  the  knife  appears  to  pass  acroee 
the  neck.    Repeat  the  process  on  the  left  side  of  the  neck.    This  should  cause  the 
bird  to  bleed  freely,  but  by  "holding  the  beak  up  the  blood  will  remain  in  the  neck, 
giving  you  plenty  of  time  to  pierce  the  brain.    The  latter  is  located  just  above  the 
eye  and  can  be  easily  reached  through  the  upper  part  of  the  mouth  by  using  a  stiff 
steel  blade,  inserted  in  the  mouth  with  blade  edge  up  and  pointing  slightly  over  the 
eye.    With  young  birds  little  trouble  is  experienced  in  piercing  the  brain,  but  with 
older  birds  a  very  stiff  blade  is  required,  as  the  bones  are  much  harder.    When  the 
point  of  the  blade  enters  the  brain,  give  the  knife  a  quick  twist  to  right  or  left  to  widen 
the  aperture.     If  the  brain  has  been  reached,  the  bird  will  attempt  to  squawk  or  will 
give  a  nervous  jerk  as  the  blade  touches  the  spot,  and  this  touching  the  brain  or  nervee 
not  only  loosens  the  feathers  of  the  bird  for  dry  plucking,  but  will  greatly  improve 
the  appearance  of  scalded  stock. 

A  weight,  which  may  consist  of  an  old  tomato  can  half  filled  with 
stones  and  cement,  is  immediately  attached  by  means  of  a  wire  hook 
to  the  lower  mandible  of  the  bird.  "Then  by  grasping  the  wings 
close  to  the  back,  the  bird  will  not  be  able  to  flutter,  and  can  be  easily 
and  rapidly  plucked.  This,  of  course,  should  always  be  done  while  the 
bird  is  bleeding.  *  *  *  The  can  catches  the  blood,  and  by  hang- 
ing the  bird  over  a  barrel  the  feathers  may  easily  be  saved." 

«  U.  S.  Dept.  Agr.,  Farmers*  Bui.  236. 

ft  Compiled  from  Connecticut  Storrs  Sta.  Bui.  52. 

cU.  S.  Dept.  Agr.,  Farmere*  Bui.  237,  p.  22. 

d  U.  S.  Dept.  Agr.,  Farmers'  Bui.  317,  p.  31. 
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Since  there  is  considerable  difficulty  in  scalding  birds  properly  and 
it  is  often  improperly  done,  dealers  usually  pay  a  little  more  for  dry- 
plucked  birds. 

The  breast  should  be  plucked  fiist,  starting  near  the  crop.  After  the  breast  the 
thiols,  then  the  back  nem*  the  base  of  the  tail,  and  last  the  wings.  As  soon  as  the 
feathers  have  been  removed  the  wings  should  be  twisted  over  the  back  and  the  bird 
taken  from  the  hooks  and  the  feet  washed,  after  which  the  thighs  and  legs  should  be 
pressed  to  the  body  either  by  placing  a  brick  on  the  bird's  breast  or  by  tying  the 
body,  the  object  of  this  being  to  give  the  bird  a  plump  or  blocky  appearance. 

The  birds  should  not  be  allowed  to  hang  until  they  become  rigid, 
as  that  causes  them  to  look  thin.  Care  must  be  taken  that  all  animal 
heat  has  left  the  birds  before  they  are  packed  for  shipment,  but  this 
does  not  mean  that  it  is  necessary  for  them  to  hang  while  cooling. 

As  a  rule,  the  head  and  feet  are  left  on  and  the  entrails  are  not  re- 
moved, but  such  details 

depend  on   the    require-  v     \) 

ments  of  the  market  to 
which  the  birds  are  sent. 
The  following  directions 
are  given  for  preparing 
drawn  poultry: 

Broilers. — Lay  the  bird  on  its 

side,  draw  the  knife  down  the 

backy   beginning  between  the 

shoulders  near  the  neck,  and 

cut  through  the  backbone  or 

along  each  side  and  remove  the     „      «    rr    ,        ^    *  a*        t:.      -i       «.  o*  *t      ♦    w  i^ 
"^  .  Fio.  2.— Hook  used  at  Storrs  Experiment  Station   to  hold 

bone.     Continue    cutting  past  birds  for  plucking:  A-B,  bar;  C-D,  staff;  E-F,  arm. 

the  oil  sack  and  tail  around  to 

the  end  of  the  breastbone,  then  lay  the  bird  on  its  breast.    The  entrails  can  then  be 
easily  removed,  and  the  blood,  if  any,  wiped  out  with  a  dry  cloth. 

Soasters. — ^Place  the  bird  on  its  breast,  head  down.  Inserting  the  point  of  the 
knife  in  the  back  just  between  the  shoulder  blades,  continue  the  cut  along  the  back 
of  the  neck  to  the  head.  Near  where  the  blade  first  cut  the  skin  will  be  noticed  a 
white  spot,  which  marks  the  joining  of  the  neck  to  the  backbone.  By  a  little  manipu- 
lation with  the  point  of  the  blade  the  neck  bone  can  be  easily  severed  at  this  point. 
The  aesophagus  and  wind  pipe  should  then  be  separated  from  the  skin  of  the  neck,  after 
which  the  head  may  be  removed,  making  the  separation  from  the  skin  of  the  neck  as 
near  the  head  as  possible.  The  crop  is  then  easily  removed,  and  after  being  severed 
from  the  entrails,  the  latter,  including  the  lungs,  should  be  Uxieened  from  the  frame 
of  the  bird  by  inserting  the  finger  in  this  opening.  The  bird  should  then  be  placed 
with  the  vent  up.  Hold  the  vent  with  the  left  hand  and  cut  around  it,  and  in  doing 
80  looeen  the  main  gut  from  the  back  of  the  fowl.  In  this  way  the  entrails  can  be 
removed  with  little  or  no  dirt,  and  through  a  very  small  opening. 

Many  consumers  object  to  a  roasted  fowl  on  which  the  flesh  has  been  drawn  off 
the  bonee  at  the  knee  joints.  This  can  be  overcome  by  leaving  a  little  of  the  yellow 
scale  or  diank  on  the  back  of  the  leg  at  the  knee  when  removing  the  shanks. 

All  birds  intended  for  roasting  should  have  ihe  sinews  of  the  leg  removed.    To  do 
this  cut  the  skin  of  the  shank  lengthwise  just  back  of  the  bone.    With  an  eight-inch 
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Bcrew-driver  raise  the  einewB,  and  by  a  twist  of  the  tool  these  may  be  parted.  They 
caji  then  be  pulled  easily  by  holding  the  leg  and  screw-driver  as  you  would  a  botde 
and  corkscrew. 

A  convenient  hook  for  holding  fowls  for  plucking  is  shown  in  figure 
2.  TTie  bar  A-B  is  of  quarter-inch  iron  1  inch  wide  and  18  inches 
long,  with  a  split  3  inches  long  and  about  three-fourths  of  an  inch 
wide  at  each  end.  A  5-inch  arm  E-F  is  riveted  to  A-B  IJ  inches 
from  Dy  making  the  distance  from  B  to  E  about  15  inches  and  pro- 
viding for  fowls  too  small  to  spread  from  A  to  B.  The  staff  C-D 
is  of  half-inch  round  iron  18  inches  long  with  a  shoulder  at  D  and 
riveted  on  the  imder  side  of  A-B,  so  that  the  latter  will  swing  freely. 

PBESESVATIOV  OF  EGOS.^" 

The  best  means  of  preserving  eggs,  particularly  methods  in  which 
water  glass  is  used,  have  been  discussed  in  several  earlier  bulletins 
of  this  series,^  and  much  has  been  written  on  this  subject,  but  the 
question  of  seeming  eggs  in  the  best  possible  condition  for  preserva- 
tion has  heretofore  received  little  attention.  G.  H.  Lamson,  jr.,  of  the 
Storrs  Experiment  Station,  has,  however,  recently  reported  investiga- 
tions on  the  causes  and  sources  of  infection  which  may  result  in  the 
spoiUng  of  eggs  and  on  the  best  practical  means  of  securing  clean, 
sound  eggs  for  preservation  in  water  glass. 

It  was  found  that  eggs  may  be  infected  with  the  bacteria  of  decay 
in  the  oviduct  before  the  egg  is  laid,  and  through  pores  and  defects 
in  the  shell  after  the  ^g  is  laid.  Much  can  be  done  to  reduce  the 
chances  of  infection  and  to  reduce  or  prevent  the  injurious  effects 
of  infection,  thereby  greatly  improving  the  keeping  quality  of  the 
eggs.  In  the  first  place  the  hens  should  be  kept  in  as  nearly  perfect 
health  as  possible  and  should  be  given  enough  shell-forming  food  to 
enable  them  to  make  strong  shells  of  uniform  thickness.  <^  Clean 
nesting  places  are  necessary  to  prevent  infection  in  the  nest.  The 
eggs  should  be  gathered  daily  and  kept  in  a  dry,  cool  room  or  cellar 
where  the  sim's  rays  do  not  fall  directly  upon  them.  Only  clean 
eggs  should  be  used  for  preservation  and  these  should  be  placed  in  the 
preservative  within  twenty-four  hours  after  they  are  laid. 

Eggs  laid  during  April,  May,  and  early  June  were  found  to  keep 
better  than  those  laid  at  any  other  season.  It  is  reconunended, 
therefore,  that  only  eggs  laid  at  this  season  be  preserved.  It  was 
found  that  water  glass  when  properly  made  seals  the  eggs  to  prevent 
further  infection  and  when  kept  at  a  comparatively  low  temperature 
prevents  the  multiplication  of  bacteria  (decay)  within  the  egg.  Water 
glass  can  usually  be  obtained  tlirough  druggists  at  from  $1  to  $1 .25 
per  gallon,  a  gallon  of  the  water  glass  being  made  into  10  gallons  of 

«  Compiled  from  Connecticut  Storrs  Sta.  Bui.  55. 

&U.  S.  Dept.  Agr.,  Farmera*  Bui.  296,  p.  29. 

c\J.  S.  Dept.  Agr.,  Farmere'  Buls.  186,  p.  26;  225,  p.  26. 
363 


15 

preservative  by  simply  dissolving  it  in  9  gallons  of  water  which  has 
been  boiled  and  cooled  before  use. 

The  preserved  eggs  should  be  kept  in  a  cellar  or  room  of  evm 
temj>erature  which  does  not  go  over  60°  F. 

If  care  is  taken  to  select  clean,*  soimd  eggs,  and  proper  precautions 
are  observed  in  carrying  out  the  details  of  the  method  of  preservation 
as  above  indicated,  it  is  behoved  that  water  glass  furnishes  a  cheap, 
reUable,  and  easily  employed  preservative  for  domestic  use,  "and 
by  its  use  everyone  having  a  supply  of  fresh  eggs  in  the  spring  can 
make  a  considerable  saving,  and  at  the  same  time  have  a  larger 
number  of  fresh  ^gs  to  use  in  the  winter." 

THE  MOXnSTD-BIJILDING  PEAIBIE  A]rr.<> 

In  a  recent  bulletin  of  the  Kansas  Station,  T.  J.  Headlee  and  G.  A. 
Dean  describe  the  prairie  ant  and  the  mounds  they  build  and  discuss 
their  economic  importance  from  an  agricultural  standpoint.  It  is 
shown  that  *' while  it  is  true  that  they  destroy  a  small  percentage  of 
cultivated  crops,  their  substantial  claim  to  the  title  of  injurious  insects 
lies  in  the  annoyance  caused  the  farmer  in  cultivating  and  harvesting 
his  crops  and  in  the  discomfort  resulting  from  their  efforts  to  protect 
their  habitations  when  occupying  public  streets,  sidewalks,  much-used 
paths,  dooryards,  and  corrals." 

The  ant  mounds  are  found  throughout  western  Kansas  and  the 
neighboring  States,  comprising  the  Western  plains.  They  are  some- 
times circular,  but  usually  elliptical  at  the  base,  and  are  from  2  to  6 
feet  in  diameter  and  vary  in  height  from  a  few  inches  to  as  much  as  2 
feet.  The  ants  clear  a  circular  space  aroimd  their  mounds,  removing 
all  vegetation  from  it  to  a  distance  of  5  to  10  feet  from  the  moimd  on 
all  sides;  the  moimd  is  usually  exactly  in  the  center  of  the  cleared 
space.  The  outside  of  the  mounds  is  covered  with  gravel  or  other 
coarse  material  that  may  be  at  hand,  such  as  cinders,  bits  of  coal,  and 
the  like.  This  covering  is  from  one-half  to  1  inch  deep,  and  the  sides 
of  the  moimd  are  made  as  steep  as  the  covering  material  will  allow. 

The  mounds  have  from  one  to  three  funnel-shaped  openings,  and  in 
a  few  cases  a  still  larger  number,  through  which  the  workers  pass  in 
and  out.  The  large  end  of  the  opening  is  toward  the  outside,  and  the 
openings  are  commonly  about  one-third  the  distance  from  the  base  to 
the  top  of  the  mound.  These  openings  are  closed  about  simset  or 
during  the  day  at  the  approach  of  a  storm  and  opened  in  the  morning 
about  8  or  9  o'clock  in  suxmner.  The  closing  is  done  so  well  that  a 
very  close  examination  is  necessary  to  determine  where  the  openings 
have  been. 

On  hot  days  in  simimer  the  workers  return  to  the  mound  before 
noon  and  remain  inside  during  the  hottest  part  of  the  day,  but  on  cool 
days  the  entire  day  is  spent  outside. 

a  Compiled  from  Kansas  Sta.  Bui.  154. 
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Under  the  coarse  covering  of  the  mound  is  a  rain-proof  roof  made  of 
particles  of  soil  cemented  together.  Beneath  this  the  momid  and  the 
soil  directly  xmder  it  to  a  great  depth  is  honeycombed  with  circular 
chambers  from  1  to  3  inches  across  and  from  one-half  to  1  inch  high. 
These  chambers  are  connected  by  galleries  about  three-eighths  of  an 
inch  in  diameter  and  of  various  lengths.  Some  of  these  chambers  are 
filled  with  seeds  of  any  kind  that  are  small  enough  for  the  ants  to 
carry  and  that  are  near  to  the  mound;  other  chambers  are  occupied 
by  the  young  in  various  stages  of  growth;  and  still  others  serve  as 
rooms  for  the  adult  ants. 

The  ants  are  of  three  classes — males,  fertile  females,  and  sterile 
females;  the  latter  is  the  working  class  and  is  by  far  the  most  numer- 
ous. It  is  estimated  that  large  colonies  may  have  10,000  workers. 
The  ants  vary  in  length  from  three-sixteenths  to  seven-sixteenths  of 
an  inch.    All  the  females  have  large  mandibles  and  stings. 

These  ants  are  not  pests  in  the  usual  sense  of  the  word;  as  long  as 
the  country  which  they  inhabit  was  sparsely  settled  they  did  no  harm. 
Since  the  country  has  become  more  thickly  settled,  so  that  they  come 
into  close  contact  with  man,  they  have  become  a  source  of  annoyance. 

The  ant  coloniee  are  usually  too  scattering  materially  to  decrease  the  yield  of  any 
important  crop.  Even  in  alfalfa,  where  the  damage  occasions  most  complaint,  they 
are  chiefly  troublesome  as  an  obstacle  to  harvesting.  In  a  7J  acre  field  at  Hays  City, 
Kans.y  thirty-four  colonies  had  cleared  a  space  amounting  to  between  1  and  2  per 
cent  of  the  total  area,  and  most  of  them  had  constructed  mounds  of  sufficient  size  to 
compel  the  mowing  machine  to  pull  around  them.  To  attempt  to  mow  through  or 
over  them  would  have  choked  the  machinery  and  ruined  the  cutting  edge  of  the  sickle. 
Should  a  driver  have  such  trouble  in  passing  over  a  mound  it  would  be  most  unwise 
for  him  to  stop  and  try  to  adjust  his  machinery,  for  such  a  disturbance  would  bring  the 
ants  forth  in  angry  swarms,  each  individual  eager  to  do  her  utmost  to  repel  the  invader. 
Every  one  that  succeeded  in  getting  on  man  or  beast  would  seize  clothing,  hair,  or 
skin  between  her  mandibles,  curve  her  abdomen  downward,  and  deliver  a  thrust 
quite  as  painful  in  result  as  the  sting  of  bumblebee  or  yellow  jacket. 

Even  if  the  mounds  be  leveled  some  days  before  the  cutting,  the  difficulty  is  merely 
lessened,  for  the  passage  of  the  team  and  machine  over  the  nest  is  sufficient  to  bring 
the  ants  out  in  readiness  to  attack  when  the  intruder  comes  around  again.  To  a  less 
degree  the  same  difficulty  is  experienced  in  raking  and  loading  the  hay. 

In  the  dooryard  the  ante  not  only  render  the  lawn  unsightly  with  their  mounds 
but  unhesitatingly  attack  the  careless  child  who  walks  over  or  plays  about  their  nest. 
In  trodden  paths  the  passage  of  man  or  beast  is  sufficient  to  bring  them  out  ready  for 
any  unfortunate  that  may  follow  soon  after,  and  in  corrals  their  determination  to  de- 
fend their  rights  is  a  source  of  annoyance  to  stock. 

The  authors'  study  has  failed  to  find  any  effective  natural  enemy  of 
the  ants,  and  a  trial  of  various  methods  of  killing  them  shows  that 
fumigation  with  carbon  bisulphid  is  the  most  satisfactory.  The 
method  is  described  as  follows: 

Carbon  bisulphid  is  evaporated  under  a  practically  air-tight  vessel  over  one  or  more 

of  the  opened  gateways  of  the  mound.    The  vapor  formed,  being  heavier  than  air, 

sinks  downward  through  the  burrows  into  the  lowest  parts  of  the  nest  and  finally 
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eomee  to  fill  every  chamber  and  pan^ewKy.  lliua  ail  tbe  ants  thkt  u«  at  home  are 
Bofiocated.  Many  oeete  so  treated  were  carefully  opened  to  the  lowest  chambers  and 
all  the  occupanU  found  dead  beyond  poeeibility  of  doubt.  Some  neets  were  not 
opened  until  the  next  day  after  the  fumigation  and  then  not  ft  living  ant  could  be 
found.  The  following  method  of  using  carbon  biaulphid  has  proven  the  easiest  and 
most  efficient  tried.  Start  fumigation  when  gateways  are  open;  ta^e  a  vessel,  such 
as  a  galvamzed-iriHi  waahtub,  and  place  it  bottom  side  up  insuch  a  manner  as  tocover 
the  openings  and  as  much  of  the  mound  ae  poesible;  if  there  are  more  openings  thjan  the 
tub  will  cover  they  should  be  closed  by  throwing  eomecrf  the  surrounding  toil  over  them; 
place  under  the  tub,  in  a  shallow  pan  or  diah,  near  the  opening,  1  to  3  ounces  of  carbon 
bisulphid,  defiending  on  the  size  of  the  nest;  quickly  pack  soil  around  the  edge  of 
the  tub,  making  it  em  nearly  air-tight  as  passible;  allow  to  stand  thus  for  about  five  hours. 
The  experiments  show  that  breaking  open  the  mound  before  setting  the  fumigation 
is  of  no  advanUge,  nor  did  the  practice  of  pouring  the  fluid  into  the  broken-up  mound 
give  any  better  results  than  that  of  evaporating  it  from  a  diallow  pan. 


fia.  3.— Square  cemsDt  illoi  connected  witb  bam.   Not  proper  ibape  aju)  too  ihallow. 

It  should  be  noted  that  carbon  bisulphid  in  explosive  and  care 
should  be  observed  in  its  use. 

Since  the  reproducing  members  of  the  colnnyremain  in  the  mound  at 
all  times,  the  above  method  wouhl  seem  to  be  all  that  could  be  desired, 

EFFECT  OF  GLASS,  HETALS,  ETC.,  OV  COAGULATION  OF  HILK  IS 
CHEESE  MAKING.'' 

One  important  problem  with  which  the  cheese  maker  has  to  deal  is 
the  irregularity  in  the  coagulation  of  milk  with  rennet.  This  irregu- 
larity may  he  traced  to  a  number  of  sources,  such  as  variation  in  the 
strength  of  rennet  extract  used,  the  quality  of  the  milk,  and  the  kind 
of  utensil  employed.     Experiments  were  made  by  (i.  A.  Olson,  of  the 

oCompiled  (rum  Wiacouain  Sta.  Rpt.  1907,  p.  I'M;  I3ul.  102. 
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Wisconsin  Station,  to  discover  the  effect  of  different  metals  (platinum, 
tin,  copper,  nickel,  iron,  aluminum,  and  zinc)  as  compared  with  glass 
on  the  length  of  the  coagulation  period.     "The  experiments  were  con- 
ducted by  placing  milk  in  contact  with  [the]  various  metals  for 
definite  periods  of  time  and  afterwards  observing  the  time  required 
for  the  coagulation  of  such  milk,  with  a  stajidard  solution  of  rennet, 
under  uniform  conditions."     It  was  found  that  with  the  single  excep- 
tion of  aluminum  each  of  the  metals  tried  produced  a  prejudicial 
(retarding)  influence  on  the  rennet  action.     The  most  striking  influ- 
ence observed  was  in  the  case  of  milk  in  contact  with  pure  nickel. 
Milk  which  had  stood  in  contact  with  this  metal  for  twenty-five  hours 
at  87°  F.  required  four  hundred  and  twenty  minutes  for  copulation 
with  rennet  and  showed  an  acidity  of  0.167  per  cent.     Under  the 
same    conditions    milk    in 
contact  with  glass  required 
only  nineteen  minutes  for 
rennet  coagulation  and 
showed  an  acidity  of  0,207 
per  cent.    However,  as  milk 
is  hardly  ever  kept  in  nickel 
or    nickel-plated  utensils, 
the  retarding  effect  of  this 
metal  has  little  signiflcance 
from  a  practical  standpoint. 
Copper  also  exerted  a  de- 
cidedly retarding  effect,  and 
as  this  metal  is  used  more 
or  less  extensively  in  the 
form  of  heating  disks  in 
continuous  pasteurizers  in 
Dtbnn;     creameries  and  as   kettles 
in  the  Swiss  cheese  factories, 
its  retar<ling  action  is  a  matter  of  more  practical  importance.     Appar- 
ently glass  exerted  a  more  or  less  accelerating  influence  on  rennet 
ex>agulation  and  was  to  this  extent  beneficial  in  action.     The  degree  of 
effect  was  directly  de|jendent  upon  the  character  of  the  glass. 

THE  EFFECT  OF  StrSTT  Mtt.it  cAKS. 

The  experiments  referred  to  above  showed  that  both  tin  and  iron 
have  a  prejudicial  influence  on  rennet  action.  This  suggested  the 
desirability  of  determining  whether  or  not  rusty  cans  have  a  similar 
influence.  Part  of  a  sample  of  milk  was  placed  in  a  rusty  tin  pan 
(with  about  fifteen  rust  spots  in  the  bottom  of  the  pan)  and  the 
remainder  was  kept  in  a  Jena  glass  vessel  (beaker)  for  comparative 
purposes.    The  milk  kept  in  the  rusty  pan  gave  evidence  of  a  retard- 
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ing  influence  on  the  rennet  action  as  compared  with  that  kept  in  the 
glass  beaker.  "  It  required  from  one  to  sixteen  and  one-half  minutes 
longer  for  the  same  milk  kept  in  the  rusty  pan  to  coagulate  than  in 
case  of  the  milk  kept  in  the  glass  beaker."  Wherever  there  was  a 
retarding  influence  on  the  rennet  action  there  was  also  a  retanlation 
of  the  acid  development  as  well,  but  the  latter  was  not  suflicient  to 
account  for  the  delayed  rennet  action. 

Milk  wMch  had  been  allowed  to  etand  in  iron  dishes  for  aeveral  hours  had  a  peculiar 
bluish  gray  c(dor,  indicating  the  presence  of  iron  in  solution.  In  several  instances  the 
amount  of  iron  dissolved  in  the  milk  was  detennined  as  iron  oxid.  The  maximum 
quantities  of  iron  dissolved  in  the  milk  ranged  from  1  to  1)  pounds  for  eN'ery  1,000 
pounds  of  milk.  The  lower  acidity  of  the  milk  kept  in  contact  with  iron  also  supports 
the  view  that  the  acid  of  the  milk  acts  upon  the  iron  and  finally  causw  it  to  pans  into 
solution  [retarding  reimet  action]. 

Milk  ctunes  in  contact  with  iron  in  the  form  of  rusty  cans  or  poorly  tinned  utemdls 
in  |»actically  all  creameries  and  cheese  htctories.  The  quality  of  the  milk  will  to  a 
large  extent  depend  upon  the  condition  of  utensils  into  which  the  milk  is  poured, 
kept,  and  finally  hauled  to  the  Victory.  The  degree  of  influence  of  iron  on  milk  will 
depend  laigely  upon  the  temperature  of  the  milk,  the  length  of  time  kept  in  the  cans, 
and  the  amount  of  exposed  surface. 

Conditions  in  north  Suropean  dairy  countries. — In  progressive  dair>'  countries  of 
northern  Europe  the  quality  of  dairy  products  manufactured  is  generally  uniform, 
and  every  precaution  is  taken  to  maintain  a  uniform  product,  (^leaiilinosa  in  generally 
practiced  at  both  the  farm  and  factorj'.  The  utensils  used  are  of  8uperit>r  quality, 
and  naturally  there  is  no  occasion  to  consider  this  problem  seriously.  As  a  rule,  the 
European  utensils  are  stronger;  the  cans,  for  example,  are  of  heavy  steel  and  well 
tinned.  Experience  shows  that  these  heavy  cans  are  the  most  etHmomical  in  the 
long  run,  and  there  is  less  danger  of  denting  in  or  wearing  off  of  the  tin. 

Conditions  in  America. — It  is  not  necessary  to  describe  here  the  American  milk 
can,  and  especially  the  cheaper  ones;  if  not  the  first  time,  surely  the  second  or  third 
time  these  cans  are  used  one  will  find  places  wliere  they  have  been  dented  in.  As 
the  number  of  indentations  increase  the  tin  begins  to  crack,  leaving  fissures  or  inroads 
for  milk  and  water  and  acid.  Often  this  thin  layer  of  tin  does  not  cover  all  of  the 
iron,  thus  leaving  microscopically  small  surfaces  of  iron  exposed,  which  also  become 
the  sources  of  damage  by  water  and  acid.  Under  such  conditions  the  tin  peels  or 
bills  off,  and  it  is  then  only  a  short  time  before  the  cans  become  unfit  for  use. 

The  attention  of  the  milk  producer  and  the  factory  operator  is  called  especially  to 
the  following  points: 

(1)  A  better  grade  of  utensils  should  be  used  in  the  handling  of  milk  and  its 
products.    The  iron  or  steel  plate  should  be  heavier  and  more  thickly  c<)at<»(l  with  tin. 

(2)  No  milk  should  be  accepted  at  a  factory  which  has  l)et»n  kept  in  in>n  exptwtMl 
pails  or  cans. 

(3)  The  factory  or  creamery  should  be  an  example  of  neatness  and  cleanlineas,  with 
all  utensils  in  first-class  condition. 

(4)  Cooperation  among  the  proprietors  of  creameries,  (^heese  fat^tories,  and  city  milk 
supplies  will  tend  to  bring  about  cleanliness  among  patrons  and  the  use  of  better 
Utensils. 

(5)  Milk  should  be  bought  on  its  merits,  by  some  satisfactory  arrangement  follow- 
ing well-founded  sanitary  and  hygienic  rules,  by  which  the  production  of  milk  of 
superior  quality  is  encouraged  and  milk  of  low  grade  either  rejected  or  gradually 
improved. 
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THE  EFFECT  OF  AT.1CAT.T  OF  CEHEVT  STETTCTTTBES.'* 

E.  T.  Tannatt,  of  the  Montana  Station,  and  W,  P.  Headden,  of 
the  Colorado  Station,  have  recently  called  attention  to  certain  facta 
observed  in  the  course  of  their  investigations  which  have  a  very 
important  bearing  on  the  use  of  cement  in  farm  structures,  a  use 
which  has  rapidly  grown  with  the  increasing  scarcity  and  advancing 
price  of  timber,  viz,  the  action  of  alkali  on  the  cement  used  in  con- 
crete structures. 


FlQ,  5.— A  Ittigaeoniippii^silo  wlildi  fBllud. 

Professor  Tannatt  says. 

foment  in  being  e(>ii<>Tully  uncd  for  llie  ronftniclion  of  culverts,  flumai,  bridg«t>, 
tountliLlioiut,  D'laiiiiiiK  wiiHx,  curbin}p<,  (.'!<'.  It  hiut  oIko  biH.-ii  largely  UAcd  in  various 
portal  of  the  canalK,  cuiiduitf,  dums,  etc.,  i:onslriicti?d  by  the  United  Stalee  Reclama- 
tioii  Servii^e  on  Iheir  irriRation  projects.  A  larRO  number  of  the  private  irrigation  and 
drainage  projects  of  the  West  also  make  use  of  cement  construction  to  a  lai^  extent. 
ConditionB  are  pointing  to  a  more  general  and  larger  uwo  of  cement  in  the  Btructuial 
works  of  Ihe  future.  TIiIh  material  ia  alao  becoming  more  and  more  generally  ueed 
it)  agricultural  construction.  In  fact,  it  is  difficult  to  prophecy  to  what  extent  cement 
may  enter  into  the  deve](i])meiit  of  the  retiourcet"  of  the  country. 

uCumpiled  fn>m  Montana  Kla.  itui,  fi'.l  am\  Colorado  f^ta.  Ilul.  132. 
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Professor  Tannatt  cites  a  number  of  cases  of  weakening  or  breaking 
down  of  cement  structures  due  to  the  action  of  alkali.  As  "the  dis- 
tribution of  alkali  is  quite  general,  being  found  throughout  the  arid 
and  semiarid  regions  of  the  Western  States  and  in  the  Great  Central 
Basin/'  the  damage  which  may  result  from  this  cause  is  of  grave 
importance. 

The  examinations  and  chemical  analyses  (of  a  cement  sewer)  re- 
ported show  that "  the  amount  of  disintegration  corresponds  closely  to 
the  percentage  of  alkali  present."  It  was  also  found  that  sandstone 
is  subject  to  similar  disintegration  under  the  influence  of  alkali.  For 
this  reason  Professor  Tannatt  is  of  the  opinion  "  that  the  use  of  sand- 
stone in  foimdations,  and  for  a  couple  of  feet  above  the  surface,  is 
very  inadvisable  in  the  alkali  sections.'* 

As  means  of  protection  of  foundations  against  the  action  of  alkali 
it  is  suggested  that — 

The  ground  on  the  exterior  side  should  be  excavated  to  the  bottom  of  the  founda- 
tion, the  Biu'face  of  the  sandstone  should  be  thoroughly  cleaned  with  steel  brushes 
and  washed.  Where  the  cement  mortar  shows  signs  of  disintegration,  the  same  should 
be  removed  and  replaced  with  new  material.  After  the  surface  of  the  foundation  has 
been  cleaned,  the  same  should  be  given  a  good  coat  of  hot  asphalt,  the  coat  extending 
sufficiently  above  the  surface  to  include  the  alkali  limit  [2  feet  above  the  surface].  In 
the  bottom  of  the  trench  thus  made  along  the  foundation,  a  small  tile  should  be  laid 
which  will  drain  any  water  away  from  the  foundation,  or  into  the  city  sewer.  The 
trench,  at  least  a  portion  along  the  face  of  the  foundation,  should  be  back  filled  with 
clean  gravel  or  crushed  rock  to  within  a  foot  or  so  of  the  surface  of  the  ground;  above 
this  may  be  placed  earth  for  lawn,  if  desired. 

Concrete  foundations  for  buildings  are  being  used  very  extensively.  Where  any 
large  amount  of  alkali  is  present  in  the  soil,  we  believe  that  cement  should  not  be  used, 
unless  thoroughly  protected  from  the  action  of  the  alkali  salts.  This  should  be  accom- 
plished by  thorough  and  proper  drainage,  and  the  use  of  some  method  similar  to  that 
suggested  for  sandstone  foundations. 

Professor  Tannatt  also  calls  attention  to  the  possibility  of  harmful 
action  of  alkali  in  the  case  of  cement  sidewalks. 

In  the  construction  of  cement  walks  in  the  alkali  sections,  we  would  recommend 
that  special  care  be  taken  to  use  clean  gravel  or  broken  stone.  The  use  of  soil  in  founda- 
tion gravel  will  furnish  a  means  of  bringing  the  alkali  in  contact  with  the  lower  portions 
of  the  cement.  It  is  also  advisable,  we  believe,  that  where  the  gravel  or  broken  stone 
foundation  is  liable  to  become  filled  with  water,  to  place  a  small  drainpipe  discharging 
into  the  gutter.  We  feel  that  with  the  present  knowledge  of  the  situation  too  much 
care  can  not  be  taken  to  prevent  the  alkali  coming  in  contact  with  cement  construc- 
tion, either  through  the  agency  of  standing  water  or  the  capillary  action  of  the  soil. 

The  general  recommendation  is  made  that  wherever  cement  construction  is  used 
in  the  alkali  sections,  a  mortar  made  of  granular  sand  should  be  used,  and  the  mortar 
should  be  of  maximum  density. 
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SILO  COVSTBITCTIO]f><' 

The  general  subject  of  silos  and  silage  has  been  fully  discussed  in 
previous  Farmers'  Bulletins.^  It  is  the  purpose  in  this  article, 
mainly  on  the  basis  of  data  reported  by  a  nimiber  of  the  experiment 
stations,  to  point  out  some  faults  of  silo  construction  which  more 
extended  experience  has  revealed,  and  to  indicate,  if  possible,  how 
these  faults  may  be  corrected  and  the  general  construction  of  silos 
improved,  for,  while  it  is  generally  conceded,  by  dairymen  particu- 
larly, that  the  silo  has  become  a  necessity,  occasional  silo  failures  have 
discoiu'aged  the  use  of  silage  to  some  extent. 

FAILTJBES  OF  SILOS. 

Some  of  the  f ailiu'es  of  silos  have  been  due  to  carelessness  in  filling, 
but  more  frequently  to  faulty  construction  of  the  silo. 

Formerly  many  silos 
were  made  by  sheathing 
one  of  the  bays  in  the  bam. 
With  these  silos  and  other 
forms  of  wooden  square 
silos  a  lining  must  be  built 
across  the  comers  and  the 
silage  well  tramped  down 
along  the  edges  or  there 
will  be  considerable  loss  of 
what  would  otherwise  be 
valuable  stock  feed.  This 
style  of  silo,  however,  has 
become  less  common,  and 
but  few  square  silos  of  any 
kind  are  built  at  the  present 
time.  Even  when  silos  are  built  inside  of  a  barn  they  are  often  cir- 
cular. Figure  3  shows  a  square  silo  that  can  not  be  recom- 
mended, not  only  because  it  is  square  but  because  it  is  not  deep 
enough.  The  octagon  silo  is  an  improvement  over  the  square  form, 
but  as  a  rule  the  walls  of  tlus  form  of  silo  have  not  been  made 
rigid  enough.  The  details  for  constructing  the  octagon  silo  were 
given  in  a  previous  Farmers'  Bulletin.*' 

Too  often  the  walls  of  silos  are  not  made  air-tight.  Unless  the 
walls  of  wooden  silos  are  made  air-tight,  with  tar  paper,  felt  pads, 
or  clay  worked  into  the  joints,  much  silage  will  be  wasted.     Ninety 

a  Compiled  from  Illinois  SU.  Bui.  102;  Iowa  Sta.  Bui.  100;  Maryland  Sta.  Bui.  129; 
Wisconsin  Sta.  Bui.  125. 
bU.  S.  Dept.  Agt.,  Farmers*  Buls.  32,  292. 
cU.  S.  Dept.  Agr.,  Farmers'  Bui.  190,  p.  21. 
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FiQ.  6.— The  patent  roof  of  a  silo,  open. 
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per  cent  of  stare  silos  are  not  air-tight  at  the  foundation.  The 
shrinkage  and  swelling  of  staves  breaks  the  cement,  which  must 
be  frequently  mended.  Some  losses  have  occurred  because  the 
ends  of  the  staves  have  decayed.  Figure  4  shows  how  some 
diiraUe  wood  may  be  used  at  the  bottom  of  the  silo,  which  is 
(HM  method  of  overcoming  this  diflBculty.  The  iron  bands  of  the 
stave  silo  must  frequently  be  examined,  or  they  will  fall  down  as  the 
staves  shrink.    Sometimes  the  iron  sphces  rust.     Unless  a  stave  silo 
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VlQ.  7. — Showing  method  of  making  hoops  and  details  of  the  construction  of  a  stone  and  stavo  silo. 

is  well  anchored  it  may  be  moved  from  its  foundations  or  even  blown 
down.  A  further  discussion  of  the  stave  silo  may  be  found  in  a  pre- 
vious Farmers'  Bulletin.^ 

The  walls  of  the  silo  must  be  rigid  or  they  can  not  stand  the  pres- 
sure. Figure  5  is  an  illustration  of  a  silo,  the  concrete  walls  of  which 
were  not  rigid  enough  to  withstand  the  inside  pressure.     When  the 
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aU.  S.  Dept.  Agr.,  Fanneis'  Bui.  103,  p.  23. 


24 

Bides  begin  to  bulge,  air  can  get  between  the  silage  and  the  walls. 
Brick  silos  without  reinforcement  have  been  failures  because  of  this 
pressure  from  the  inside. 

A  mistake  sometimes  made  was  in  building  the  silo  of  too  large 
a  diameter  for  the  size  of  the  herd,  so  that  the  silage  spoiled  hj  too 
long  exposure  of  the  surface.    In  one  case  a  man  with  a  small  herd 
built  a  silo  in  his  bam  18  feet  square  and  16  feet  high.     After  two 
years'  trial  he  gave  up  the  use  of  the  silo  in  disgust  because  his  silage 
did  nut  keep.    A  year  or  two  later  he  sold  liis  farm  to  a  more  pro- 
gressive man,  who  built 
partitions  across  the  same 
silo,  making   four  small 
silos  out  of  the  lai^  one, 
and  had  no  difficulty  in 
obtaining  good  silage  for 
stock.     The   silos  should 
be  deep.     The  deeper  the 
silo  the  better  the  silage. 
The  diameter  should  con- 
form   to    the  size  of  the 
herd,  and  if  2  inches  of 
silage   are   fed   each   day 
there  will  be  no  loss  from 
surface  exposure. 

It  is  desirable  to  prevent 
silage  from  freezing.  The 
double  wall  concrete  silo 
and  those  built  of  rec- 
tangular building  tile  ac- 
complish this  object  as 
well  as  any.  Stone  silos 
preventfreezing,butmany 

owners  of  stone  silos  do 

Fia. S. —Double wall  bduksilo.  ,      ,.,  .,  ■ 

not  like  them  because 
moisture  collects  on  the  inside  of  the  walls  and  rots  the  silage  along 
the  edge.  A  roof  helps  to  keep  out  the  frost,  rain,  and  snow.  Figure 
6  shows  a  patent  roof  wluch  allows  the  silo  to  be  filled  above  the  top. 

XATEBIALS  FOB  SILO  CONSTBTTCTION. 

Most  silos  in  this  country  are  made  of  wood,  but  the  high  price  of 
lumber  has  led  to  the  use  of  other  materials  for  all  kinds  of  farm 
buildings.  Experiment  station  workers  have  been  investigating  the 
desirability  of  using  earthen  and  metal  substances  for  silo  (.onstnic- 
tion.  The  cross  section  of  a  homemade  combination  of  stone  and 
stave  silo  ia  Baltimore  County,  Md.,  is  shown  in  figure  7.    Staves 


20  feet  long  are  set  on  a  stone  pit  8  feet  deep  and  14  feet  in  diameter, 
making  a  total  height  of  28  feet.  The  details  of  construction  are 
as  follows; 

Tfa«  staves  on  outside  are  cheetnut,  6  inchee  wide,  ludled  on  vertically  16  feet  long, 
and  4  feet  nftiled  above.  The  4-foot  pieces  are  nailed  on  ho  as  to  lap  on  the  16-foot 
pieces,  allowing  the  water  to  run  oS. 

The  interior  is  vertically  lined  with  6-inch  cheetnut,  tar  paper  placed,  and  again 
lined  with  6-inch  cheetnut,  joints  being  broken,  then  i^e  vertical  laths  are  placed, 
followed  with  horizontal,  and  then  plastered  with  cement.  The  bottom  in  cemented 
in  saucer  shape.  'This  silo  is  not  affected  by  atmospheric  <-nDditione.  The  cement 
ia  not  thick  enough  to 
cause  it  to  sweat,  and  it 
is  as  periect  a  preserver 
as  the  stone  silo,  there 
being  no  decay  from 
sweating.  This  manner 
of  construction  ie  the 
only  perfect  combina- 
tion silo  that  was  found. 
The  stone  and  frame 
work  remain  flush,  thus 
allowing  the  silage  to 
settle  evenly,  which  is 
not  the  case  in  the  stave 
siloB,  as  thesilohastobe 
placed  in  the  center  of 
the  wall.  If  placed  too 
near  the  pit,  Uie  shrink- 
age will  allow  the  hoops 
to  pull  the  staves  to  a 
smaller  diameter  than 
that  of  the  pit  and  thus 
cause  a  leak  at  the  foun- 
dation, this  unevenoeas 
allowing  the  silo  to  fall 
or  blow  over.  Every 
other  space  between 
hoops  is  a  door;  paper 
is  used  between  door 
and  joint.  Stave  eiloe 
with  hoops  ought  not  to 
be  used  as  a  combina- 

.,  Fio.  e.—Dout^  wall  concrete  Bilo. 

tion  alio. 

The  following  is  a  list  of  the  material  re<|uirpd: 

150  pieces  J  inch  by  3  inch  by  16  foot  white  oali  for  hoops. 

50  pieces  1  inch  by  6  inch  by  16  foot  chestnut  staves  i  . , 

50  pieces  1  inch  by  6  inch  by  4  foot  chestnut  staves     i 

60  pieces  1  inch  by  6  inch  by  16  foot  chestnut  staves  I  .     .  ,    c    . 

i/i-  ,-     v.„.     ..,r.t_.  }  inside  first  coijrw. 

SO  pieces  1  inch  by  6  inch  by  4  foot  chestnut  staves    J 

One  16-foot  piece  nailed  from  top  and  4  foot  at  bottom.     Next  ila\'e  Hi  feet  fmm 

bottom  and  4  feet  on  top. 

900  square  feet  of  tar  paper. 

50  pieces  1  inch  by  6  inch  by  16  foot  chestnut  staves  I  .     . ,  , 

,„.  ,ii«.,,.,         ,  t  iiiaiUu  seconil  course. 

60  pieces  I  inch  by  6  inch  by  4  foot  chestnut  staves    | 
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2,600  rough  lathe. 

20  pieces  2  inch  by  4  inch  by  16  foot  rafters  for  roof. 
200  feet  1  inch  by  6  inch  sheathing. 
2,000  sbinglea. 
18-inch  stone  wall. 
24  perch  of  atone  or  concrete. 

Doora  are  concave,  built  of  stavea,  lined  with  paper,  placed  on  two  concave 
batteoH. 

It  may  be  questioned  whether  steel  silos  will  come  into  general  use. 
Galvanized  iron  is  an  excellent  method  of  protecting  a  wooden  sUo 
when  located  out  of  doors.  Many  stone  silos  have  been  built,  but 
some  care  must  be  taken  to  make  the  inside  walls  smooth.  Cement 
mortar  should  be  used  and  the  walls  must  be  reenforced  by  building 
steel  bands  into  the  wall. 


FiQ.  10.— DBirf  bam  and  stock-JudglDK  bulldtog,  erected  In  ISW. 

Clay  pipe  silos  are  giving  good  satisfaction,  but  are  expensive.  The 
tubes  are  set  on  end  with  the  slots  interlocking.  Steel  bonds  or  hoops 
are  placed  around  the  wall  and  then  plastered  smooth  with  cement 
plaster.  Rectangular  building  tile  is  recommended  by  the  Iowa 
Station  as  a  good  material  for  silo  construction.  Cement  block  silos 
have  been  satisfactoiy  when  reenforced  by  steel  within  the  walls. 
The  inside  of  the  silos  shoidd  be  plastered.  The  block  is  hollow  and 
this  prevents  freezing.  Brick  silos  are  successful,  but  like  the  cement 
block  must  be  reenforced  in  some  way.  Figure  8  shows  a  special  form 
of  double-wall  brick  silos. 

The  singli'-wall  concrete  silo  is  the  most  conunon  style  of  construction.  The  thick- 
ness of  the  walls  of  siloo  now  in  use  varii'H  from  6  inches  at  the  bottom  to  4  incbea  at 
the  top  for  the  lightest  wall  to  a  wall  2  feet  in  thickness,  which  is  the  heaviest  of  which 
the  Bcctiuii  lias  r<'cord.     Six  inches  ecenis  to  be  the  motit  desirable  thickneas  fw  com- 
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mon  diee  oF  hUob  uader  existing  practice.    The  walls  m^ht  be  made  lighter  at  the 
top,  but  the  saving  of  Diaterial  would  hardly  balance  the  trouble  of  varying  the  aiie 
of  the  fonne.    The  double  wall  concrete  silo  at  present  is  made  only  with  a  patented 
form.     Figure  9  illustrates  a  double  wall  concrete  silo  made  by  forms  owned  by  the 
Paimers  Cooperative  Concrete  Silo  Company.     The  inner  wall  is  6}  inches  thick,  the 
outer  wall  si  inchea  thick,  and  the  two  tied  together  with  steel  ties  with  a  3-inch 
air  apace  between.    Circulation  is  prevented  by  ineertii^  horizontal  tax  pMper  parti- 
tions every  3}  feet.    This  construction,  besides  being  as  Hatixfactory  as  the  mngle-wall 
method,  fdacea  it  entirely  above  any 
criticism  in  regard  to  freezing.    The 
patent  forms  being  of  steel  plate  t-nable 
a  very  smooth  job  to  be  secured. 


The  silo  as  sometimes  cod- 
structed  is  any  tiling  but  an  orna- 
ment to  the  farm.  The  situation 
and  the  style  of  architecture  of 
the  other  buildings  must  be  con- 
sidered if  the  farmer  takes  pride 
in  making  his  surroundings  at- 
tractive. Figures  10, 11,  and  12 
show  what  may  be  done  with  the 
silo  to  make  it  an  ornament  in- 
stead of  a  disfigurement  to  the 
farmstead. 

A  CHSAF  AHB  EFFICIENT 
STERILIZEE. " 

In  a  recent  bulletin  of  the 
North  Carolina  Station,  Prof. 
John  Michels  calls  attention  to 
the  fact  that "  all  vessels  and  ap- 
pliances used  in  the  handling  of 

*^  .„  J  i_     ,.^        L        1 J .  P"-  ll.-Brlck  «ilo,  Uwb  atala  CoUege. 

milk, cream, and  buttersbould  be 

rendered  stetile  afterwasliing,either  by  placing  them  in  boiling  water  for 

about  five  minutes  or  by  steaming  them  for  an  equal  length  of  time." 

Small  dairies  without  boilere  ^ould  sterilize  with  hot  water,  but  the  larger  dairies 
will  find  it  advantageous  to  use  &  steam  boiler  and  sterilize  with  steam.  To  perform 
this  operation  efficiently,  it  requires  ft  closed  steam  chest  large  enough  to  hold  every- 
thing that  is  to  be  sterilized.  Sterilizers  of  this  type  are  usually  constructed  of  con- 
crete, i,r  brick  and  concrete,  and  are  provided  with  a  heavy  iron  <loor,  thin  being 
lai^  enough  to  admit  a  truck  bearing  the  pails,  cans,  bottles,  etc.  Still  other  steril- 
izetB  of  this  type  are  constructed  of  galvanized  iron  or  boiler  plftte,  and  all  p<>rniit  of 
sterilizing  under  more  or  les  pressure. 

The  principal  drawback  to  these  various  steam  sterilizers  is  the  high  coat,  which 
renders  their  use  by  the  smaller  dairymen  almost  prohibitive.  After  considerable 
experimentation  and  study,  the  writ«r  has  succeeded  in  constructing  an  efficient 

1  Compiled  from  North  Carolina  Su.  liul.  198. 


eterilizcr  which  will  coet  only  about  one-third  as  much  ae  the  cheapest  eterilizer  o[ 
the  type  juatmentioDed.  The  construction  of  thie  Dew  sterilizer,  whose  ioaide  dimen* 
sions  are  7  leet  long  by  2}  feet  deep,  by  2i  feet  wide,  is  very  simple.  (See  fig.  13.) 
Eeeentiftlly,  it  is  a  rectangular  concrete  tank  with  a  wooden  cover,  which  is  lined 
with  zinc.  The  sides  and  bottom  are  5  inches  thick  and  are  built  of  concrete,  which 
is  made  up  of  one  part  cement,  two  parts  sand,  and  two  parts  coarse  gravel.  A  thin 
coot,  consisting  of  one  part  cement  and  two  jtarts  sand ,  is  used  as  an  inside  finiA.  A 
piece  of  2  by  4  studding  is'  placed  around  the  top  of  the  tank  and  is  secured  by  nx 
J-inch  iron  rods,  2  feet  long,  embedded  in  the  concrete  walia,  one  being  placed  at  each 
corner,  and  one  on  either  side  midway  between  the  comere.  This  arrangement  not 
only  strengthens  the  tank,  but  also  makeH  the  rover  iil.  tighter. 


Fio.  IZ.— A  circular  dairy  bara  with  bIIo  in  cealer  21  feet  ia  diameter  and  *&  feet  deep. 

The  cover  consists  ot  two  thicknesses  of  IJ-inch  tongued  and  grooved  flooring 
3i  inches  wide.  The  upper  boards  run  lengthwise  and  the  lower  crosswise  of  the 
tank.  The  lower  boards  fit  into  a  shoulder  projecting  from  the  base  of  the  2  by 
4  studding.  The  entire  inside  portion  of  the  cover  is  covered  with  zinc.  To  insure 
additional  tightness  of  the  cover,  a  layer  of  asbestos  is  placed  on  top  of  the  2  by  4's. 
A  safety  valve,  set  at  10  pounds  pressure,  is  inserted  through  the  top  of  the  cover  at 
the  most  convenient  place.  An  outlet  for  condensed  sl«am  is  provided  at  the 
bottom. 

The  cover  is  rai.'icd  and  lowered  in  the  Hime  manner  as  that  of  the  ice  box  described 
on  page  29.  The  cover  is  strenjjthened  by  running  three  pieces  of  2  by  4  studding 
crosswise  of  the  tank,  one  at  the  middle  and  one  at  either  eud.  The  hinges,  by 
which  the  cover  is  fatiteiied,  are  attached  to  these  2  by  4  piecee,  as  shown  in 
figure  n. 
3&a 
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The  followiDf;  is  an  itemized  etatement  of  the  ftpproximate  coat  of  the  material  o( 
this  Bterilizer  whea  the  inside  dimenrions  ue:  Lenfith,  7^  feet;  width,  2]  feet;  depth, 
2ifeet: 

2  tmrrelaof  Portland  cement 15.20 

20  feet  of  2  by  4  studding 30 

110  feet  of  1)  tongued  and  grooved  flooring,  3)  inches  wide 4.40 

4hinEe8 40 

5  pounds  naila 20 

6  )-inch  iron  rods  2)  feet  long 1. 20 

3  hasps 30 

20  square  feet  zinc 1. 75 

Ball  and  lever  safety-valve 1.00 

3  pounds  i^eet  asbeeUis 30 

Total 15.05 

The  more  extende*!  use  «f  efficient  sanitary  appliances  on  the  farm 
shuuKI  be  encouraged,  and  this  is  most  effectively  done  by  indicating, 
as  Professor  Michels  does  in  this 
case,  cheap  and  simple  methods  of 
constructing  such  appliances.  M<»re 
sanitary  methods  of  handling  ar- 
ticles of  food  and  drink  would  be 
more  practicable  and  more  gener- 
ally used  on  the  farm  if  some  such 
convenient  means  of  sterilizing  ap- 
pliances and  utensils  as  Professor 
Michels  describes  were  always  at 
hand. 

A  CHEAP  ASTD  EFFICIElTr  ICE 
BOX." 

There  is  probably  no  need  which 
is  so  severely  felt  on  many  farms, 
particularly  in  the  South,  as  that 
of  suitable  cold  storage  for  the 
preservation  of  meat,  dairy  products,  and  other  food  supplies,  and 
as  Prof.  John  Michels,  of  the  North  Carolina  Station,  points  out, 
"cold  storage  of  some  kind  is  indisponsablo  to  a  well-equipped  dairy. 
Many,  however,  lack  this  e.<wential,  pmbably  largely  owing  to  the 
high  cost  of  commercial  refrigerators." 

Professor  Michels  describes  the  constmction  of  an  easily  made, 
cheap,  and  efiicient  ice  box  suitable  for  dairj'  purposes  as  follows: 

The  conBtmclion  of  the  box  shown  in  figure  14  connisla  eiwenlially  of  twii  boxes 
sepBiated  by  1-inrh  atripe  placed  at  inlervalB  of  about  1  toot.  Double  thickrietw  of 
building  paper  is  placed  on  both  sides  of  the  strips  and  tacked  to  the  boxes.     A 

'CompUed  from  North  Carolina  Sta.  Bui.  198. 
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l-inch  strip  2  inches  wide  covers  the  upper  space  between  the  1-inch  strips,  thus  nmk- 
ing  a  dead-air  space  between  the  two  boxes.  The  construction  of  the  cover  is  the 
same  as  that  of  Uie  bottom,  with  the  exception  that  there  is  a  flange  at  the  front  and 
sides  of  the  cover. 

The  sides,  bottom,  and  cover  of  the  refrigerator  are  built  of  }-inch  tongued  and 
grooved  lumber  5)  inches  wide.  The  ends  are  constructed  of  l^-inch  tongued  and 
grooved  flooring  3}  inches  wide.  The  inside  of  the  ice  box  is  lined  with  galvanized  iron. 
To  insure  tightness,  a  layer  of  felt  is  tacked  around  the  box  and  cover  where  the  two 
meet.  The  four  vertical  edges  of  the  refrigerator  are  tightened  and  strengthened  by 
tacking  over  each  a  double  layer  of  paper,  which  is  covered  with  two  6-inch  boards. 

A  heavy  weight  attached  to  a 
}-inch  rope  running  over  a  pulley 
fastened  to  the  ceiling  raises  tiie 
cover  and  holds  it  open  when  de- 
sired. A  short  piece  of  rope  with  a 
hook  attached  is  used  to  counter- 
balance the  weight  by  hooking  to 
the  side  of  the  box,  thus  allowing 
the  full  weight  of  the  cover  to  rest 
on  the  box. 

A  short  piece  of  J-inch  gas  pipe 
is  inserted  through  the  bottom  of 
the  box  to  provide  drainage,  the 
outlet  of  this  pipe  being  immersed 
in  a  cup  of  water  to  prevent  entrance 
of  air  into  the  box. 

The  entire  construction  of  the  ice 
box  is  so  simple  that  anyone  with  a 
little  knowledge  of  carpentry  can 
readily  build  it. 

The  inside  dimensions  are: 
An  itemized  statement  of  the  cost 


Fio.  14.— Cross  section  through  ice  box. 

Length,  7J  feet;  width,  2J  feet;  depth,  2J  feet, 
is  as  follows: 


200  feet  }  inch  by  5^  inch  by  16-foot  tongued  and  grooved  lum- 
ber   $4.00 

54  feet  \\  inch  by  3i  inch  by  16-foot  tongued  and  grooved  lumber.     2. 16 

168  feet  1  inch  by  1  inch  by  12-foot  strips 1.  26 

4  hinges 60 

i  yard  felt 63 

15  feet  J-inch  rope 30 

2  strong  hooks 10 

1  2-inch  iron  pulley 50 

Carpentry  work,  3  days 6. 00 

Complete  lining  with  galvanized  iron 11.  25 

500  square  feet  building  paper 60 

Total 27.40 

Commercial  refrigerators  of  equal  rapacity  and  no  greater  etficiency  will  cost  from 
$60  to  $100,  or  about  three  times  as  much  as  the  refrigerator  above  described. 

A  test  of  this  ice  box  for  six  days  with  an  average  of  200  pounds  of  ice  in  the  box 
showed  that  an  average  temperature  of  30^  F.  was  maintained  within  it,  with  an 
average  daily  consumption  of  40}  pounds  of  ice,  while  the  temp>erature  of  the  room 
in  which  the  ice  box  was  kept  averaged  74°  F. 

When  22  gallons  of  milk,  which  had  been  cooled  to  45**  F.,  were  stored  in*  the  box 
eight  hoius  daily  with  the  other  conditions  as  above,  the  average  daily  ice  consumption 
for  six  days  was  49  pounds,  and  the  average  temperature  of  the  box  40*  F. 
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While  this  hox  is  designed  especially  for  dairy  use,  it  may  easily 
he  adapted  to  other  cold-storage  purposes,  and  so  extend  its  useful- 
ness on  the  farm. 

THE  POWER  LAXnn)BT  FOB  THE  FASM.'' 

In  an  extended  article  recently  prepared  for  the  State  Dairy  and 
Food  (Commission  of  Missouri  by  Prof.  R.  M.  Washburn,  who  was 
then  conmiissioner,  valuable  suggestions  are  made  for  the  planning 
and  convenient  construction  of  bams  with  reference  to  location, 
hygienic  conditions,  interior  arrangement,  and  conveniences.  Spe- 
cial stress  is  laid  on  the  use  of  power  for  running  a  feed  miU  and  other 
appliances,  and  the  use  of  boilers  for  supplying  hot  water  and  other 
similar  equipment  essential  for  satisfactory  dairy  farms.  The  mod- 
em cleanly,  convenient,  and  hygienic  dairy  bam  means  a  great  deal 
of  additional  work  for  the  farmer's  wife  and  her  helpers,  for  white 
suits  mtist  be  washed  and  there  is  a  general  increase  in  laundry  work 
and  similar  work.  It  is  only  just  that  these  added  burdens  should 
be  offset  by  more  conveniences  and  labor-saving  devices.  In  general, 
it  is  not  true  that  the  farm  home  has  kept  pace  with  the  rest  of  the 
farm  in  the  adoption  of  improved  methods  of  labor-saving  devices 
and  other  conveniences.* 

Professor  Washburn's  plans  for  a  model  dairy  bam  include  a  laun- 
dry, and  interesting  figures  on  the  cost  of  equipment,  the  length  of 
time  the  equipment  may  be  expected  to  last,  and  similar  matters  are 
given.  It  has  been  suggested  that  a  laundry  such  as  he  proposes 
might  be  used  by  a  niunber  of  famiUes  in  the  neighborhood  on  the 
payment  of  a  small  fee  and  prove  of  great  value  to  the  adjacent 
farm  community.  Such  ideas  of  cooperation  apphed  to  rural  life 
are  interesting  as  well  as  valuable  and  an  indication  of  a  means  by 
which  the  farm  housewives'  labors  may  be  lessened  in  a  nimiber  of 
ways.  A  cooperative  bakery  or  laimdry  seems  as  practical  as  the 
cooperative  creamery  which  is  now  so  common. 

Professor  Washburn  writes  on  the  subject  of  the  farm  laundry  as 
follows: 

A  laundry  provided  with  stationary  washtubs,  with  washer  and  wringer  for  power 
use,  ifl  an  innovation.  But  why  should  not  the  woman  of  the  farm  be  provided  with 
modem  appliances?  Why  should  she  be  compelled  to  toil  as  her  great^grandmother 
did?  The  farmer  no  longer  reaps  with  a  sickle,  or  even  with  a  cradle.  He  rides  his 
plow,  and  often  his  harrow.  He  rides  his  grain  drill  and  com  planter  and  com  culti- 
vator. He  rides  his  grain  harvester  and  his  com  harvester.  He  loads  hay  by 
machinery  and  pitches  it  into  the  bam  by  horse  power.    The  time  is  come  when  it 


a  Compiled  bom  Ann.  Rpt.  State  Dairy  and  Food  Commissioner  Missouri,  1  (1907), 
pp.  129-165. 

h  The  general  question  of  conveniences  in  farm  homes  has  been  discussed  in 
Farmers'  Buls.  270,  296,  317,  and  342. 
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is  poeitive  cruelty  to  compel,  or  even  allow,  the  woman  to  toil  on  without  running 
water  or  machine  power  in  the  house.  The  same  steam,  water,  and  sewage  system  that 
must  be  present  for  the  dairy  will  take  care  of  the  laimdry.  The  same  power  used 
for  grinding  feed  and  separating  milk  and  pumping  water  and  sawing  wood  will  turn 
the  washer  and  the  wringer.  Prices  will  vary  somewhat,  but  the  following  will  be  a 
guide  to  the  cost  of  equipping  such  a  room: 

EquipTnent  and  cost  of  a  farm  laundry. 


Equipment. 


Stationary  tubs. 


Power  washer 

Power  wringer 

Piping  and  connections 

Drjring  room  (f-inch  steam  piping) . 


Total. 


Dimensions. 


3  compartments,  each 
28  by  25  by  17  inches. 

24  by  32  inches 

18  by  24|  by  30  inches. 


Horsepower 
reqtdred. 


One-half. 
do... 


Length  of  service. 


20  to  30  years.... 

10  to  15  years 

15  to  20  years.... 
10  to  20  years.... 
do 


Ap. 
proxi- 
mate 
oosU 


130 

56 

40 

6 

10 


140 


The  investment  of  $140  for  one  year  at  7  per  cent  equals  $9.80; 
deterioration,  assuming  that  they  will  require  to  be  replaced  every 
fifteen  years,  equals  $9.35  per  year,  or  a  total  of  $19.15,  or,  say,  $20 
per  year,  or  38  cents  a  week;  add  to  tliis  10  cents  more  for  gasoline 
used  by  the  engine.  If  the  farmer  were  compelled  to  kill  and  dress 
two  hogs  every  week  throughout  the  year  he  would  think  nothing 
of  spending  50  cents  a  week  for  machines  which  would  save  so  much 
labor  and  enable  him  to  do  more  work  in  less  time.  A  power  ironer 
costing  about  $60  may  be  added,  if  desired.  Such  a  laundry  is  to 
be  desired,  also,  because  it  will  practically  insure  clean  garments 
worn  by  the  milkers.  A  drying  room,  about  6  by  12  feet,  located 
between  the  dairy  room  and  the  laundry  room,  provided  with  steam 
pipes  for  heating,  will  cost  very  little,  and  will  insure  quick,  clean, 
and  easy  drying  in  any  weather.  A  power  laundry  like  this  may 
be  rented  to  the  neighbors  for,  say,  50  cents  per  da}^  they  to  come 
over  and  do  the  work.  Such  an  arrangement  will  in  a  measure 
lighten  the  burden  now  resting  so  heavily  on  the  woman  of  the  farm. 


[A  lipt  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribution  will  l>e 
sent  free  upon  application  to  a  Meuil)erof  Congress  or  the  Secretary  of  Agriculture,] 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Wdshington,  D.  (7.,  February  6, 1909, 

Snt:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"Onion  Culture,"  by  Mr.  W.  R.  Beattie,  Assistant  Horticulturist,  and 
recommend  that  it  be  published  as  a  Farmers'  Bulletin  to  supersede 
the  former  publication  of  this  title  issued  as  Bulletin  No.  39  of  the 
same  series. 

During  recent  years  the  production  of  onions  has  become  of  great 

commercial  importance,  new  methods  have  been  adopted,  and  the 

Bermuda-onion  industry  of  the  Gulf  Coast  States  has  grown  from  a 

single  experiment  into  an  enterprise  well  worthy  of  consideration. 

Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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nrTEODircnoir. 

The  onion  in  one  or  more  of  its  several  forms  has  been  in  use 
throughout  all  time  of  which  we  have  authentic  history.  From 
available  records  it  would  appear  that  the  original  home  of  the  onion 
was  in  southern  Asia  or  in  the  countries  surrounding  or  bordering  on 
the  Mediterranean  Sea.  During  early  times  the  onion  was  highly 
esteemed  as  an  article  of  food,  also  as  a  preventive  of  thirst  while 
on  the  march  or  traveling  in  the  desert.  In  olden  times  the  produc- 
tion of  onions  was  confined  to  the  alluvial  river  valleys,  but  the 
improvement  and  adaptation  of  varieties  has  made  it  possible  to 
grow  this  crop  under  widely  diverse  conditions. 

The  onion  belongs  to  the  widely  variable  species  Allium  cepa, 
which  forms  a  part  of  a  botanical  family  of  plants  which  includes 
many  of  the  lihes,  the  several  forms  of  asparagus  and  smilax,  and 
similar  plants  having  a  scaly  or  fleshy  enlai^ed  root.  A  character- 
istic of  this  family  is  that  most  of  its  species  grow  naturally  upon  soil 
having  an  abundance  of  moisture,  many  of  them  being  natives  of 
low-lying  areas  along  the  seashore.  Another  characteristic  of  plants 
like  the  onion  and  asparagus  is  that  they  will  withstand  considerable 
salt  in  the  soils  on  which  they  grow.  The  onion  is  grown  primarily 
for  its  bulb;  however,  the  leaves  are  often  employed  for  seasoning, 
and  there  are  several  kinds  that  are  grown  for  their  leaves  only. 

The  onion  holds  third  place  among  the  truck  crops  grown  in 
the  United  States.  In  1908  about  14,000,000  bushels,  valued  at 
$10,000,000,  were  produced,  practically  all  of  which  were  consumed 
in  this  country.  In  addition  we  annually  import  about  1,400,000 
bushels  from  Spain,  'Egypt,  Bermuda,  and  the  South  Sea  Islands. 
The  onion  is  one  of  the  more  common  crops  of  our  home  vegetable 
gardens,  and  it  is  well  adapted  to  growing  commercially  on  a  small 
scale,  very  httle  capital  being  required  for  a  beginning.  The  market 
for  onions  includes  practically  the  entire  commercial  world,  and  the 
demand  for  a  good  article  continues  throughout  the  entire  year. 

During  recent  years  the  production  of  the  various  forms  of  Spanish 
and  Bermuda  onions  in  the  Gulf  Coast  States  has  become  an  industry 
in  itself.  Owing  to  the  great  quantity  of  this  type  of  onion  that  can 
be  grown  upon  a  small  area,  a  few  thousand  acres  will  produce  all 

Note. — A  list  giving  the  titles  of  all  Farmers*  Bulletins  available  for  distribu- 
tion will  be  gent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of 
Agriculture. 
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that  the  market  can  handle  at  a  profit  to  the  grower.  In  the  alluvial 
delta  region  of  the  Mississippi  River,  the  Egyptian  onion  is  being 
grown  to  perfection,  and  there  are  doubtless  regions  bordering  the 
Gulf  of  Mexico  where  the  famous  Denia  onion  may  be  produced  as 
successfully  as  in  its  native  Spain. 

The  object  of  this  bulletin  is  to  give  brief  information  regarding 
the  production  of  onions  for  market,  including  the  history  and  char- 
acteristic features  of  the  Bermuda-onion  industry  in  the  Gulf  Coast 
States.  The  production  of  onion  seed  and  "sets"  is  limited  to  cer- 
tain localities  and  conditions,  and  for  that  reason  this  subject  is  not 
treated  in  this  publication. 

ABEAS  ADAPTED  TO  OHIOIT  CULTUBE. 

The  onion  is  exceptional  in  that  it  will  thrive  under  a  very  wide 
range  of  climatic  and  soil  conditions.  The  crop  is  grown  to  perfec- 
tion in  the  alluvial  valley  of  the  Nile  River  in  Egypt,  on  the  volcanic 
soils  and  imder  the  tropical  sea  breezes  of  the  South  Sea  Islands, 
along  sandy  coastal  plains,  in  the  irrigated  portions  of  the  arid 
regions,  on  sandy  uplands,  and  on  reclaimed  swamp  soils.  There 
is  perhaps  no  extended  area  in  the  United  States,  except  the  moun- 
tainous regions,  where  the  onion  can  not  be  successfully  grown. 

CLIMATIC  BEQUIBEMENTS  OF  THE  ONION. 

As  already  noted,  the  onion  will  thrive  under  a  wide  range  of 
climatic  conditions.  For  best  results  a  temperate  climate  without 
great  extremes  of  heat  and  cold  should  be  selected.  Onion  culture 
is  rarely  profitable  in  regions  where  the  climate  does  not  change  or  has 
no  definite  seasons  of  heat  and  cold  or  wet  and  dry.  Naturally  the 
onion  does  best  under  rather  cool  conditions,  with  plenty  of  moisture 
during  its  early  stages,  but  requires  a  reasonable  degree  of  heat, 
together  with  dryness  of  both  soil  and  atmosphere,  for  its  proper 
ripening.  Where  the  onion  industry  has  become  established  in  the 
extreme  southern  part  of  the  United  States,  the  growing  season  is 
during  the  late  autmnn  and  winter,  the  crop  maturing  during  the 
spring  and  early  smnmer.  If  the  crop  matures  at  a  time  when 
there  is  considerable  rainfall,  it  will  be  impossible  to  cure  the  bulbs 
and  they  will  be  lacking  in  keeping  quaUties. 

Certain  types  and  varieties  of  onions,  including  the  ''top  onions" 
and  the  ''multipliers"  or  "potato  onions,"  are  extremely  hardy  and 
may  remain  in  the  open  groimd  throughout  the  winters  of  our 
Northern  States,  especially  if  given  slight  protection.  These  types 
are,  however,  not  adapted  to  growing  for  market,  except  as  green 
onions,  "peelers,"  or  "bunchers,"  to  be  sold  during  the  early  spring- 
time.    In  certain  sections  of  the  South  Atlantic  coast  region  large 
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areas  of  the  top  and  multiplier  onions  are  grown  for  this  pur- 
pose. There  is  also  a  marked  diflference  in  the  hardiness  of  the 
standard  commercial  sorts,  some  being  adapted  to  growing  far 
northward,  while  others,  like  the  Bermuda,  Egyptian,  and  Spanish 
types,  thrive  only  in  restricted  southern  localities. 

lengtli  of  season  required  for  onions. — ^The  period  required  for  the 
production  of  a  crop  of  onions  will  depend  upon  the  season,  the  meth- 
ods employed  in  growing,  and  the  variety.  If  grown  from  seed,  a 
period  of  from  one  hundred  and  thirty  to  one  hundred  and  fifty 
days  will  be  required.  If  from  sets,  the  crop  may  often  be 
matured  in  one  hundred  days.  If  grown  in  the  extreme  northern 
part  of  the  United  States,  where  the  seasons  are  short,  the  crop 
will  mature  more  rapidly  than  to  the  southward.  Onion  seed  grown 
at  the  North  will  as  a  rule  produce  mature  bulbs  in  less  time  than 
that  produced  in  a  warm  climate.  In  the  case  of  the  Bermuda  onion. 
as  grown  in  Texas,  the  growing  season  extends  from  the  middle  of 
September  to  the  following  March  or  April. 

Bainfall  or  irrigation. — Onions  require  an  abundance  of  moisture 
during  the  early  stages  of  their  growth,  but  should  be  ripened  imder 
comparatively  dry  conditions.  In  most  sections  the  seed  is  sown  at 
a  time  of  the  year  when  frequent  spring  rains  occur.  Their  period 
of  greatest  growth  is  during  the  early  part  of  the  summer,  and  the 
crop  is  ripened  late  in  the  summer  when  drying  conditions  may  be 
expected.  In  irrigated  regions  the  application  of  water  is  almost 
entirely  imder  the  control  of  the  grower.  Diu'ing  the  active  period 
of  growth  the  water  is  applied  about  once  a  week,  the  soil  beiog  thor- 
oughly soaked  and  the  surplus  water  drawn  off. 

The  amount  of  rainfall  or  irrigation  required  for  the  production  of 
a  crop  of  onions  will  depend  largely  upon  the  character  of  the  soil 
and  its  drainage.  Many  of  the  peat  or  muck  soils  in  which  the  soil 
water  remains  near  the  surface  will  require  very  Uttle  rainfall;  in 
fact,  the  best  crops  of  onions  are  produced  on  these  soils  during 
seasons  of  comparatively  light  but  evenly  distributed  rainfall.  Sandy 
and  loose  soils  generally  wlU  require  a  greater  amount  of  water, 
especially  dming  the  early  part  of  the  season.  Excessive  rainfall  or 
irrigation  will  have  a  tendency  to  produce  onions  having  a  large 
growth  of  leaves  and  stems  at  the  expense  of  the  bulbs.  Onions  of 
this  character  are  commonly  termed  ^' thick  necks"  or  ^^scuUions.'* 

SOILS  ADAPTED  TO  ONION  CULTTTBE. 

The  essential  requirements  of  a  soil  upon  which  to  grow  onions 
profitably  are  a  high  state  of  fertihty,  good  mechanical  condition  in 
order  that  the  crop  may  be  easily  worked,  suflBcient  drainage,  and 
freedom  from  weeds.  If  a  soil  has  the  proper  mechanical  proper- 
ties— ^that  is,  if  it  contains  sufficient  sand  and  humus  to  be  easily 

354 


6  ONION   CULTURE. 

that  the  market  can  handle  at  a  profit  to  the  grower.  In  the  alluvial 
delta  region  of  the  Mississippi  River,  the  Egyptian  onion  is  being 
grown  to  perfection,  and  there  are  doubtless  regions  bordering  the 
Gulf  of  Mexico  where  the  famous  Denia  onion  may  be  produced  as 
successfully  as  in  its  native  Spain. 

The  object  of  this  bulletin  is  to  give  brief  information  regarding 
the  production  of  onions  for  market,  including  the  history  and  char- 
acteristic features  of  the  Bermuda-onion  industry  in  the  Gulf  Coast 
States.  The  production  of  onion  seed  and  "sets''  is  limited  to  cer- 
tain localities  and  conditions,  and  for  that  reason  this  subject  is  not 
treated  in  this  publication. 

ABEAS  ADAPTED  TO  OHIOIT  CULTUBE. 

The  onion  is  exceptional  in  that  it  will  thrive  under  a  very  wide 
range  of  climatic  and  soil  conditions.  The  crop  is  grown  to  perfec- 
tion in  the  alluvial  valley  of  the  Nile  River  in  Egypt,  on  the  volcanic 
soils  and  imder  the  tropical  sea  breezes  of  the  South  Sea  Islands, 
along  sandy  coastal  plains,  in  the  irrigated  portions  of  the  arid 
regions,  on  sandy  uplands,  and  on  reclaimed  swamp  soils.  There 
is  perhaps  no  extended  area  in  the  United  States,  except  the  moun- 
tainous regions,  where  the  onion  can  not  be  successfully  grown. 

CLIMATIC  BEQUIBEMENTS  OF  THE  ONION. 

As  already  noted,  the  onion  will  thrive  under  a  wide  range  of 
climatic  conditions.  For  best  results  a  temperate  climate  without 
great  extremes  of  heat  and  cold  should  be  selected.  Onion  culture 
is  rarely  profitable  in  regions  where  the  climate  does  not  change  or  has 
no  definite  seasons  of  heat  and  cold  or  wet  and  dry.  Naturally  the 
onion  does  best  under  rather  cool  conditions,  with  plenty  of  moisture 
during  its  early  stages,  but  requires  a  reasonable  degree  of  heat, 
together  with  dryness  of  both  soil  and  atmosphere,  for  its  proper 
ripening.  Where  the  onion  industry  has  become  established  in  the 
extreme  southern  part  of  the  United  States,  the  growing  season  is 
during  the  late  autiunn  and  winter,  the  crop  maturing  during  the 
spring  and  early  smnmer.  If  the  crop  matures  at  a  time  when 
there  is  considerable  rainfall,  it  will  be  impossible  to  cure  the  bulbs 
and  they  will  be  lacking  in  keeping  qualities. 

Certain  types  and  varieties  of  onions,  including  the  ''top  onions'^ 
and  the  ''multipUers"  or  ''potato  onions,"  are  extremely  hardy  and 
may  remain  in  the  open  groimd  throughout  the  winters  of  our 
Northern  States,  especially  if  given  slight  protection.  These  types 
are,  however,  not  adapted  to  growing  for  market,  except  as  green 
onions,  "peelers,"  or  "bunchers,"  to  be  sold  during  the  early  spring- 
time.    In  certain  sections  of  the  South  Atlantic  coast  region  lai^ 
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areas  of  the  top  and  multiplier  onions  are  grown  for  this  pur- 
pose. There  is  also  a  marked  difference  in  the  hardiness  of  the 
standard  commercial  sorts,  some  being  adapted  to  growing  far 
northward,  while  others,  like  the  Bermuda,  Egyptian,  and  Spanish 
types,  thrive  only  in  restricted  southern  locaUties. 

len^^  of  season  required  for  onions. — ^The  period  required  for  the 
production  of  a  crop  of  onions  will  depend  upon  the  season,  the  meth- 
ods employed  in  growing,  and  the  variety.  If  grown  from  seed,  a 
period  of  from  one  hundred  and  thirty  to  one  hundred  and  fifty 
days  will  be  reqiiired.  If  from  sets,  the  crop  may  often  be 
matured  in  one  hundred  days.  If  grown  in  the  extreme  northern 
part  of  the  United  States,  where  the  seasons  are  short,  the  crop 
will  mature  more  rapidly  than  to  the  southward.  Onion  seed  grown 
at  the  North  will  as  a  rule  produce  mature  bulbs  in  less  time  than 
that  produced  in  a  warm  climate.  In  the  case  of  the  Bermuda  onion, 
as  grown  in  Texas,  the  growing  season  extends  from  the  middle  of 
September  to  the  following  March  or  April. 

•Riiinfiill  or  irrigation. — Onions  require  an  abundance  of  moisture 
during  the  early  stages  of  their  growth,  but  should  be  ripened  imder 
comparatively  dry  conditions.  In  most  sections  the  seed  is  sown  at 
a  time  of  the  year  when  frequent  spring  rains  occur.  Their  period 
of  greatest  growth  is  during  the  early  part  of  the  summer,  and  the 
crop  is  ripened  late  in  the  summer  when  drying  conditions  may  be 
expected.  In  irrigated  regions  the  application  of  water  is  almost 
entirely  imder  the  control  of  the  grower.  During  the  active  period 
of  growth  the  water  is  applied  about  once  a  week,  the  soil  being  thor- 
ou^ily  soaked  and  the  surplus  water  drawn  off. 

The  amount  of  rainfall  or  irrigation  required  for  the  production  of 
a  crop  of  onions  will  depend  largely  upon  the  character  of  the  soil 
and  its  drainage.  Many  of  the  peat  or  muck  soils  in  which  the  soil 
water  remains  near  the  siurface  will  require  very  Uttle  rainfall;  in 
fact,  the  best  crops  of  onions  are  produced  on  these  soils  during 
seasons  of  comparatively  Ught  but  evenly  distributed  rainfall.  Sandy 
and  loose  soils  generally  will  require  a  greater  amoimt  of  water, 
especially  dming  the  early  part  of  the  season.  Excessive  rainfall  or 
irrigation  will  have  a  tendency  to  produce  onions  having  a  large 
growth  of  leaves  and  stems  at  the  expense  of  the  bulbs.  Onions  of 
this  character  are  commonly  termed  ^^thick  necks"  or  *'scuUions.'' 

SOILS  ADAPTED  TO  ONION  CULTUBB. 

The  essential  requirements  of  a  soil  upon  which  to  grow  onions 
profitably  are  a  high  state  of  fertihty,  good  mechanical  condition  in 
order  that  the  crop  may  be  easily  worked,  suflBcient  drainage,  and 
freedom  from  weeds.  If  a  soil  has  the  proper  mechanical  proper- 
ties— ^that  is,  if  it  contains  sufficient  sand  and  humus  to  be  easily 
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worked,  is  retentive  of  moisture  and  fertilizers,  and  is  capable  of 
drainage— all  other  requirements  can  be  met.  At  least  three  types 
of  soil  are  being  extensively  planted  to  onions  in  this  country,  the  one 
common  essential  being  proper  mechanical  condition. 

Clay  and  allnvial  loams. — Soils  of  this  character  abound  in  the  river 
valley  and  delta  regions  near  the  coast.  These  soils  are  generally 
very  fertile,  but  will  require  the  addition  of  humus  or  stable  manure 
in  order  to  Hghten  them.  The  greatest  difficulty  encountered  in 
growing  onions  upon  land  of  this  character  is  the  tendency  of 
the  soil  to  run  together  and  bake  after  hard  rains.  This  is  especially 
injurious  after  the  seed  has  been  sown  and  before  the  small  plants 
have  attained  sufficient  size  to  permit  of  stirring  the  soil  about  them. 
Where  these  soils  contain  considerable  sand  they  are  ideal  for  onion 
culture.  It  is  upon  this  class  of  soil  that  the  greater  part  of  the 
Bermuda,  Spanish,  and  Egyptian  onions  are  grown.   ' 

Sandy  loams. — Sandy  soils,  especially  where  imderlain  by  a  well-drained 
day  subsoil,  are  often  well  adapted  to  onions.  Soils  of  this  character 
generally  require  heavy  appUcations  of  fertilizers  before  they  wiQ 
produce  a  paying  crop,  but  the  quality  of  the  product  is  excellent. 
Onions  grown  on  sandy  loams  are  generally  soHd,  heavy,  and  of 
excellent  keeping  quality.  Where  sandy  soils  are  lacking  in  humus 
this  may  often  be  suppUed  by  means  of  crops  of  crimson  or  other 
clover  grown  upon  the  land  and  plowed  under  when  it  has  attained 
its  greatest  growth.  The  use  of  leguminous  crops  should  be  supple- 
mented by  occasional  appUcations  of  1,000  to  1,200  pounds  of  lime 
to  the  acre. 

Mnck  and  peat  soils. — ^Throughout  the  north  central  part  of  the  United 
States  there  are  vast  tracts  of  peat  or  muck  soils  that  are  capable  of 
producing  onions.  Before  planting  to  onions,  however,  these  soils 
must  be  cleared,  drained,  and  brought  to  a  suitable  state  of  cultiva- 
tion. In  many  cases  this  process  will  require  two  or  three  years' 
time,  but  sometimes  the  soil  can  be  broken  during  the  early  winter, 
allowed  to  Ue  exposed  to  the  action  of  frost  for  a  few  weeks,  and 
planted  to  onions  the  following  spring.  Some  of  the  largest  onion 
farms  are  located  on  muck  lands,  and  there  are  still  great  tracts  of 
this  class  of  soil  waiting  to  be  reclaimed. 

The  store  of  plant  food  in  muck  soil  is  usually  large,  but  often  it 
is  not  in  available  condition,  and  heavy  appUcations  of  manure  and 
commercial  fertiUzers,  such  as  lime  and  potash,  are  essential  to  profit- 
able crops.  

CULTUEAL  METHODS. 

The  onion  belongs  to  that  class  of  crops  which  gives  best  r3sults 
under  very  intensive  culture,  and  the  greatest  yields  are  secured 
where  a  moderate  acreage  is  planted  and  the  work  conducted  in  a 
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most  thorough  manner.  There  is  nothmg  technical  or  difficult  about 
the  growing  of  onions,  but  close  attention  and  frequent  cultivation 
are  essential.  Once  the  weeds  get  a  start,  the  cost  of  production  will 
be  greatly  increased,  or  the  crop  may  be  lost  altogether. 

PBEPABATION  OF  NBW  LAND. 

As  a  general  rule  new  land  is  not  adapted  to  onion  growing  until  it 
has  been  worked  one  or  two  years  with  other  crops.  Onions  should 
follow  some  crop  that  has  been  kept  under  the  hoe  and  free  from 
weeds  the  previous  season.  Com,  beans,  and  potatoes  are  suitable 
crops  with  which  to  precede  onions.  Muck  and  sandy  soils  may  in 
some  cases  be  brought  to  a  suitable  condition  for  onions  the  first 
season,  but  the  fitting  will  have  to  be  very  thoroughly  performed. 
The  land  should  be  plowed  in  the  autumn,  then  replowed  in  the  spring, 
after  which  numerous  harrowings  and  doubtless  some  hand  work 
will  be  required  to  get  the  soil  in  suitable  shape. 

If  necessary  to  manure  the  land  heavily  before  planting  to  onions, 
it  will  be  desirable  to  plant  to  some  farm  crop  one  season,  then  apply 
the  manure  during  the  autumn  in  order  to  give  it  time  to  bei'ome 
incori>orated  with  the  soil.  Owing  to  the  value  of  good  onion  land 
it  would  not  be  advisable  to  devote  it  to  general  farm  crops  for  any 
extended  period,  although  com  is  frequently  planted  and  oats  or  rye 
are  sometimes  used  in  the  North.  Cowpeas  may  be  of  great  service 
in  bringing  new  land  into  shape  for  planting  to  onions. 

CBOP  ROTATION. 

Onions  should  not  be  planted  on  the  same  piece  of  land  year  after 
year,  and  some  system  of  crop  rotation  should  be  maintained.  Care 
should  be  taken,  however,  to  use  crops  in  the  rotation  that  will  not 
be  exhaustive  of  the  high  fertiUty  necessary  in  the  onion  land.  Dur- 
ing the  years  when  the  land  is  not  devoted  to  onions  it  can  be  planted 
to  some  truck  crop  that  will  give  a  return  that  will  justify  the  applica- 
tion of  large  quantities  of  fertilizers,  or,  better,  to  a  leguminous  crop 
to  be  turned  under  as  green  manure.  Continuous  cropping  with 
onions  will  cause  the  land  to  become  infested  with  both  disease  and 
insect  enemies  that  will  sooner  or  later  injure  the  crop  to  such  an 
extent  as  to  render  it  unprofitable. 

PBEPABATION  OF  THE  SOII4. 

Assuming  that  the  land  intended  for  planting  to  onions  is  capable 
of  being  brought  to  a  good  mechanical  condition,  fertile,  well  drained, 
and  reasonably  free  from  weed  seeds,  the  first  step  in  the  production 
of  the  crop  will  be  to  plow  moderately  deep,  then  harrow,  disk,  roll, 
and  drag  until  the  soil  is  smooth  and  mellow  to  a  depth  of  4  or  5 
inches.     The  method  of  preparing  the  soil  will  depend  somewhat 
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upoD  its  chfu-acter,  the  manner  of  planting  to  be  followed,  and  the 
requirements  for  irrigation.  There  are  few  truck  or  other  crops  that 
require  so  careful  fitting  of  the  soil  aa  do  onions,  and  it  is  essential 
that  the  fertilizers  be  well  mixed  with  the  soil. 


Fio.  I.— Hurrowlofsmoatblog  and  leveling  the  soil  behind  the  plow. 

On  soils  that  are  naturally  well  drained  and  where  surface  water 
can  not  accumulate,  the  plowing  may  be  done  in  large  blocks,  but 
where  the  opposite  conditions  are  found  or  irrigation  is  practiced  it 

may  be  necessary  to 
plow  the  land  in 
narrow  beds.  In  the 
case  of  insufficient 
drainage  it  will  be 
desirable  to  throw 
the  soil  together 
into  beds,  leaving  a 
double  furrow  be- 
tween each  bed  to 
carry  off  surplus 
water.  Where  the 
flooding  system  of 
irrigation  is  prac- 
ticed the  beds  must 
he  leveled  and  a  sys- 
tem of  ditches  and 
ridges  provided  for 

Fio.a.-DlskplowusedlorreaillBgland.  ,.   ,.,'.■  , 

distnbutmg  and 
controlling  the  water.  Where  it  is  merely  desired  to  secure  surface 
drainage  the  beds  may  be  from  75  to  150  feet  in  width,  but  for  irriga- 
tion purposes  the  beds  are  generally  but  12  or  15  feet  in  width.     If 
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gpring  plowing  is  practiced  the  soil  should  be  harrowed  closely  behmd 
the  plow  in  order  to  prevent  drying  out. 

For  cutting  and  pulverizing  the  soil  there  is  perhaps  no  tool  aa  serv- 
iceable as  the  disk  barrow.  There  is  a  type  of  disk  having  four 
gangs,  in  two  sets,  one  combination  in  front  of  the  other  and  so 
arranged  that  the  soil  is  first  turned  to  the  center  and  then  turned  out- 
ward again  by  means  of  the  rear  combination.  This  tool  turns  the 
soil  twice  and  leaves  it  in  a  level  condition.  For  smoothing  and 
leveluig  the  soil  behind  the  plow  a  harrow  of  the  type  shown  in 
figure  1  is  very  desirable;  this  tool  not  only  levels  but  turns  and 
crushes  the  soil  at  the  same  time. 

On  land  that  has  been  plowed  during  the  autumn  and  requires 
replowing  in  the  spring,  a  device  of  the  type  shown  in  figure  2  will 
answer  and  will  do  the  work  more  rapidly  than  the  plow.  This  tool 
is  especially  adapted  to  bedding  up  land  that  has  been  previously 
plowed. 

For  imparting  the  final  smoothing  touch  to  the  soil  before  planting 
there  in  a  device  consisting  of  a  lai^  number  of  small  disks  set  in  a 


Fio,  3.— Device  uaad  tor  uaoothlng  >oll  before  seeding. 
wooden  frame  (fig,  3)  which  does  about  the  same  work  as  a  steel  rake, 
but  in  a  rapid  manner.  A  drag  or  float  made  from  several  pieces  of 
scantling  nailed  together  may  be  used  for  this  purpose,  or  if  the  soil 
is  very  loose  a  roller  should  be  run  over  it.  The  final  leveling  should 
be  performed  with  a  tool  that  will  fill  and  obUterate  all  tracks  or  other 
depressions  in  the  soil,  leaving  a  smooth,  even  seed  bed  for  either  seed 
sowing  or  transplanting. 


As  the  onion  is  an  intensive  crop  and  yields  great  quantities  of 
marketable  bulbs  for  the  area  planted,  the  grower  is  justified  in 
manuring  heavily.  It  would  be  difficult  indeed  to  make  the  soil 
too  rich  for  onions  provided  the  manures  are  thoroughly  incorporated 
with  the  soil.  A  heavy  application  of  fresh  raw  manure  just  before 
planting  would  have  an  injurious  effect,  but  where  the  manure  is 
well  rotted  and  uniformly  applied  there  is  nothing  to  be  feared. 

AiiwiftT  mannrea. — ^There  is  perhaps  no  fertilizer  so  well  adapted  to 
the  production  of  onions  as  plenty  of  cleui,  well-composted  stable 
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manure,  and  the  quantity  and  frequency  of  application  will  depend 
upon  the  nature  of  the  land  under  cultivation.  The  Bermuda-onion 
growers  of  southwestern  Texas  apply  as  high  as  20  tons  of  sheep  and 
goat  manure  to  an  acre  every  three  years.  In  addition  to  the  manure 
there  is  used  1,000  to  2,000  poimds  of  cotton-seed  meal  or  commercial 
fertilizer,  and  sometimes  a  top-dressing  of  nitrate  of  soda.  This  sheep 
and  goat  manure  is  from  animals  that  are  fed  largely  upon  cotton- 
seed meal,  is  saved  in  the  corrals  in  a  climate  where  there  is  very  little 
rain,  and  it  contains  the  essential  fertilizing  ingredients  in  very  high 
percentages.  The  manure  is  first  piled  where  a  little  water  can  be 
thrown  over  it  and  it  is  composted  for  several  months  before  spread- 
ing on  the  land.  The  best  results  from  this  manure  are  not  realized 
imtil  the  second  or  even  the  third  year  after  its  application. 

All  stable  manure  used  on  onion  land  should  be  well  composted 
before  use  and  then  spread  upon  the  land  several  months  before 
planting  to  onions.  In  the  Northern  States  the  manure  may  be  ap- 
plied during  the  autumn  and  well  disked  into  the  soil.  The  land  can 
then  be  allowed  to  lie  in  the  rough  state  and  exposed  to  the  action 
of  frost  during  the  \\dnter,  or  it  can  be  smoothed  and  seeded  to  rye,  in 
which  case  it  will  be  necessary  to  replow  during  the  early  springtime. 
In  the  Bermuda  district  the  manure  should  be  applied  during  the 
springtime  and  the  land  kept  frequently  stirred  during  the  summer 
months,  with  occasional  irrigations  in  order  to  assimilate  the  manure 
and  destroy  weeds;  the  planting  is  not  done  until  the  autumn.  An- 
other practice  in  the  Bermuda  district  is  to  apply  fresh  manure  broad- 
cast at  the  rate  of  fO  to  12  tons  to  the  acre  during  the  spring  months, 
then  plant  to  com  and  cultivate  through  the  early  summer,  and  add 
a  top-dressing  of  well-rotted  manure  after  plowing  the  land  for  onions 
in  the  autimm.  This  top-dressing  should  be  well  worked  into  the  soil 
by  means  of  disk  harrows.  Large  quantities  of  fresh  manure  applied 
to  onion  land  just  before  planting  will  have  a  tendency  to  produce  an 
overgrowth  of  tops  at  the  expense  of  the  bulbs.  This  is  especially 
true  on  irrigated  lands  and  soils  that  are  naturally  moist. 

Commercial  fertilizers. — Where  there  is  an  abundance  of  humus  matt^ 
in  the  soil  the  onion  crop  wiU  be  greatly  benefited  by  moderate  appli- 
cations of  high-grade  commercial  fertilizers.  A  fertilizer  that  is 
suited  to  the  growing  of  potatoes  will  serve  quite  well  for  onions,  but 
the  potash  should  perhaps  be  supplied  in  the  form  of  muriate  rather 
than  of  sulphate.  A  fertilizer  adapted  to  the  growing  of  onions 
should  contain  4  to  5  per  cent  of  nitrogen,  5  to  7  per  cent  of  phos- 
phoric acid,  and  8  to  10  per  cent  of  potash.  A  fertilizer  of  this  char- 
acter will  cost  $38  to  $40  a  ton  and  can  be  profitably  applied  at  the 
rate  of  1,000  pounds  to  the  acre  on  most  soils.  Where  very  inten- 
sive culture  is  practiced  it  may  be  profitable  to  apply  as  much  as  a 
ton  to  the  acre  in  addition  to  stable  manure. 
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If  it  is  found  desirable  to  secure  the  ingredients  and  mix  the  ferti- 
lizer at  home  the  following  materials  and  proportions  are  suggested: 

No.  J. — For  use  in  the  Southern  States, 

Potind& 

Nitzate  of  soda,  14  to  16  per  cent  nitrogen 200 

Cotton-eeed  meal 750 

Add  phosphate,  16  per  cent 750 

Muriate  of  potash,  50  per  cent 300 

No.  t. — For  tue  in  sections  where  cotton-seed  meal  can  not  readily  he  obtained. 

Pounds. 

Nitzate  of  soda,  14  to  16  per  cent  nitrogen 300 

Dried  blood 500 

Add  phosphate. . , 800 

Muriate  of  potash,  50  per  cent 400 

No.  3. — For  general  use. 

Pounds. 

Sulphate  of  ammonia,  25  peT  cent 200 

Dried  blood 300 

Cotton-eeed  meal 300 

Add  phosphate 800 

Muriate  of  potash,  50  per  cent 400 

The  ingredients  of  these  fertilizers  should  not  be  mixed  until 
shortly  before  they  are  to  be  used,  as  there  is  danger  of  loss  from 
chemical  action.  In  mixing,  the  proper  quantity  of  all  ingredients 
should  be  weighed  and  dumped  together  in  a  heap  on  a  clean,  tight 
floor.  The  work  of  mixing  can  be  done  by  shoveling  over  three  or 
four  times,  but  should  continue  imtil  all  lumps  are  broken  and  the 
mass  has  assumed  a  uniform  color  and  appearance. 

Commercial  fertilizers  should  not  be  applied  until  shortly  before 
sowing  the  seed  and  should  be  xmiformly  distributed  and  thoroughly 
worked  into  the  soil.  There  are  one-horse  fertilizer  distributers  that 
scatter  the  fertilizer  broadcast,  but  where  an  amoimt  not  exceeding 
1,000  poimds  of  fertilizer  to  the  acre  is  being  used  the  work  of  dis- 
tribution may  be  performed  by  means  of  a  common  grain  drill  hav- 
ing a  fertilizer  attachment.  On  a  small  scale  the  work  is  generally 
performed  by  hand. 

Many  growers  follow  the  practice  of  applying  only  a  part  of  the 
fertilizer  at  planting  time,  reserving  the  balance  to  be  put  on  as  a 
top-dressing  at  some  time  during  the  period  of  cultivation.  This 
plan  is  especially  desirable  where  onions  are  grown  during  the  winter, 
as  the  application  of  highly  nitrogenous  fertilizers  in  the  autumn  is 
liable  to  promote  a  soft  growth  that  will  be  injured  by  cold.  If  the 
fertilizer  is  not  put  on  imtil  cold  weather  is  over,  the  crop  may  be 
forced  without  danger  of  injury.  For  this  purpose  only  those  ferti- 
lizers of  a  very  available  form  will  answer.  Nitrate  of  soda  is  fre- 
quently used  as  a  top-dressing  during  the  height  of  the  growing  period. 
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PBOPAGATIOK. 

Most  of  the  onions  grown  in  the  United  States  are  propagated  from 
seed.  Propagation  from  seed  is  conducted  by  three  more  or  less  dis- 
tinct methods:  First,  by  sowing  the  seed  in  the  rows  where  the  crop 
is  to  grow  and  mature;  second,  by  sowing  the  seed  in  specially  pre- 
pared beds  and  transplanting  the  seedlings  to  the  open  ground; 
third,  by  first  growing  sets  from  seed  and  then,  after  keeping  them 
through  the  vmiter,  planting  them  in  the  field  to  produce  the  crop  of 
mature  bulbs.  Of  these  three  methods  the  one  first  mentioned  of 
seeding  in  the  rows  where  the  crop  is  to  mature  is  the  only  one  that 
is  practical  on  a  very  large  scale.  Planting  sets  and  transplanting 
have  their  advantages,  but  could  not  be  applied  on  a  large  scale 
owing  to  the  amount  of  labor  required. 

Planting  the  seed. — ^In  the  northern  onion-growing  districts  the  seed 
is  sown  as  early  in  the  spring  as  the  soil  can  be  brought  to  the  proper 
condition.  While  it  is  desirable  to  plant  quite  early  it  never  pays  to 
sow  the  seed  before  the  land  is  in  the  best  possible  condition.  When 
the  soil  has  been  brought  to  a  smooth,  even  surface  and  is  fine  and 
mellow,  the  seed  is  sown  by  means  of  one  of  the  common  seed  drills, 
of  which  there  are  several  makes  upon  the  market.  The  hand  drills 
which  sow  one  row  at  a  time  are  extensively  employed,  but  many  of 
the  larger  growers  employ  a  gang  of  drills  hitched  together  and  plant 
from  five  to  seven  rows  at  once.  A  more  even  distribution  of  the 
seed  will  be  secured  by  the  use  of  the  single-row  hand  drill  owing  to 
the  closer  attention  that  can  be  given  the  one  machine.  The  first 
row  may  be  planted  with  a  line,  and  after  this  the  marker  on  the  drill 
indicates  the  next  row.  The  drills  are  so  arranged  that  the  shoe  and 
covering  blades  can  be  regulated  to  cover  the  seed  at  the  proper  depth, 
which  will  vary  with  different  soils.  In  heavy  or  moist  soils  the  depth 
to  cover  the  seed  should  not  be  more  than  one-half  to  three-fourths 
inch,  while  on  loose  and  sandy  soils  the  seed  may  be  covered  an  inch 
or  more. 

Planting  distances  and  seed  required  to  plant  an  acre. — ^Where  hand 
cultivation  is  practiced  throughout,  the  usual  distance  between  rows 
is  12  or  14  inches.  Where  horse  culture  is  employed  the  distance 
between  rows  varies  between  24  and  36  inches.  The  quantity  of  seed 
required  to  plant  an  acre  will  depend  both  upon  the  distance  between 
rows  and  the  purpose  for  which  the  onions  are  being  grown.  For 
the  growing  of  standard  market  onions  in  rows  14  inches  apart,  about 
4}  poimds  of  first-class  seed  will  be  required.  With  the  rows  3  feet 
apart,  but  IJ  or  1}  pounds  will  be  necessary.  Where  it  is  desired  to 
produce  small  onions  for  pickling  purposes,  the  amoimt  of  seed  may 
be  as  great  as  25  poimds  to  an  acre.  (}ood  seed  is  essential,  and  if 
there  is  any  doubt  regarding  the  vitality  of  the  seed  it  should  be 
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c^ied  before  planting  by  counting  and  planting  four  or  five  hundred 
seeds  in  a  window  box  and  then  determining  the  germination  by 
counting  the  seedlings  after  ten  days'  or  two  weeks'  time.  First-class 
seed  is  seldom  sold  at  a  low  price  and  good  seed  at  $1.50  or  even  $2.50 
a  pound  may  be  cheaper  in  the  end  than  poor  seed  at  60  cents.  Old 
'  and  inferior  seeds  are  not  only  low  in  percentage  of  germination,  but 
lack  the  vitality  necessary  to  produce  strong,  healthy  plants.  There 
are  dealers  who  make  a  specialty  of  securing  and  furnishing  extra- 
quality  onion  seed,  and  while  their  prices  are  often  somewhat  above 
the  general  market  the  seed  furnished  by  them  is  always  preferable 
to  ordinary  seed. 

Thinning. — Experienced  growers  are  frequently  able  by  using  ex- 
treme care  in  regulating  the  drills  to  distribute  onion  seed  in  rows 
where  the  crop  is  to  mature  so  that  little  thinning  wiU  be  necessary. 
Thinning  is  generally  left  imtil  the  time  of  the  first  hand  weeding,  when 
all  thick  bunches  along  the  rows  are  thioned  to  a  imiform  stand  of 
eight  or  ten  plants  to  the  foot.  It  is  always  well,  however,  to  allow 
for  considerable  loss  of  plants,  and  unless  the  plants  are  so  thick  as 
to  actually  crowd,  thinning  will  not  be  necessary. 

Transplanting  method  of  growing  onions. — ^The  transplanting  process, 
often  spoken  of  as  the  **  new  onion  culture,''  is  merely  a  modification 
of  the  regular  seeding  method.  The  objects  gained  by  transplanting 
are  an  earlier  crop,  a  uniform  stand,  and  bulbs  of  more  regular  size. 
Practically  the  entire  Bermuda  crop  of  the  Southern  States  is  handled 
in  this  manner.  Where  a  small  area  is  to  be  grown,  the  transplanting 
process  is  the  ideal  method,  but  for  large  acreages  and  where  labor 
is  difficult  to  obtain  this  would  not  be  practical.  After  transplanting, 
the  seedlings  wiU  require  rain  or  watering  in  order  that  they  may 
start,  and  for  this  reason  the  transplanting  process  is  practically 
limited  to  areas  where  some  form  of  irrigation  is  available. 

In  growing  onions  by  the  transplanting  method  the  seed  is  sown 
in  greenhouses,  hotbeds,  cold  frames,  or  specially  prepared  beds  at 
the  rate  of  3}  or  4  pounds  for  each  acre  to  be  planted.  When  the 
seedlings  are  grown  under  cover,  they  are  given  the  necessary  atten- 
tion regarding  watering  and  ventilation  and  kept  growing  quite 
rapidly  imtil  near  the  time  for  setting  them  in  the  open  ground. 
As  planting  time  approaches,  the  seedlings  are  ''hardened"  or  pre- 
pared for  transplanting  by  increased  ventilation  and  exposure  and 
by  withholding  water.  When  ready  to  transplant,  the  seedlings 
should  be  somewhat  smaller  than  a  lead  pencil  and  rather  stocky. 
The  plants  are  lifted  from  the  seed  bed  and  the  roots  and  tops  both 
trunmed  somewhat,  as  shown  in  figure  4.  They  are  then  packed 
neatly  in  shallow  boxes  for  removal  to  the  field  where  they  are  to  be 
planted. 
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Various  methods  are  employed  for  handling  the  plants  in  setting. 

As  a  rule,  a  line  is  used  and  the  land  marked  to  indicate  the  location 

of  rows.     Several  methods  are  employed  for  marking  the  distaoce 

between  plants  in  the  rows ;  one  method  is  by  means  of  a  line  with 

small  lead  or  brass  indicators  at  r^ular  intervals;  another  method 

is  by  means  of  a  board  having  notches  or  holes  in  which  a  pointed ' 

dibble  is  thrust  to  form  a  hole  in  Which  to  set  the  plant.     A  marking 

device  much  used  by  the  Bermuda-onion  growers  in  Texas  consists 

of  a  sectional  roller  with  the  sections  the  same  distance  apart  as  the 

distance  between  the 

rows  and  each  section 

provided  with  conical 

pins  to  form  the  holes  in 

which  the  plants  areset. 

The  objection   to   the 

sectional  roller  marker 

is  that  it  can  not  easily 

be  drawn  in  a  straight 

line  and  straight  rows 

are  essential  to  good 

cultivation. 

After  marking  the 
land,  the  plants  are 
dropped  ahead  of  the 
planters,  or  they  may 
be  kept  in  the  trays 
and  simply  removed  as 
planted.  The  trans- 
planting process  con- 
sists mainly  in  pushing 
the  root  end  of  the 
seedling  into  the  soil 

Fio.  4.~S«edl[DgonlaD  ptentatrlmmedresdyfortraniplantliig.        with    one    finffCr    and 
(One-half  natural  sLse.)  ^ 

then  firming  the  soil 
about  the  plant.  This  work  is  very  laborious  and  can  only  be  per- 
formed economically  by  very  cheap  labor.  A  small  plow,  such  as 
is  generally  included  with  the  attachments  of  the  wheel  hoe  (fig.  5), 
is  often  employed  for  opening  a  furrow  in  which  to  set  the  smfdl 
onion  plants.  As  the  plants  are  set  the  soil  is  either  drawn  about 
them  by  hand,  or  the  plow  may  again  be  used  for  this  purpose.  In 
the  Bermuda-onion  district  the  work  of  transplanting  costs  from  $15 
to  $25  an  acre  and  is  performed  by  laborers  who  are  content  with  50 
or  60  cents  a  day,  boarding  themselves.  The  work  of  transplanting 
is  as  a  rule  done  by  contract  at  about  $1.50  for  each  bed  of  one-tenth 
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acre.  In  transplanting,  all  inferior  plants  should  be  rejected;  thus 
insuring  a  more  perfect  stand  and  development. 

Propagation  by  sets. — ^The  use  of  sets  is  still  another  modification  of 
the  regular  seedling  method,  in  which  the  seed  is  planted  one  year  to 
form  the  sets  from  which  to  grow  a  crop  of  mature  onions  the  follow- 
ing year.  like  the  transplanting  process  the  use  of  sets  is  limited 
in  its  application. 
Onions  grown  from 
sets  wiU  ripen  earlier 
than  those  from 
seed  .sown  in  the 
field,  but  the  use  of 
sets  for  conunercial 
onion  growing  is  not 
so  practical  as  trans- 
planting seedlings. 
In  plantmg  onion 
sets  a  furrow  about 

2  inches    deep    is 
opened,  the  sets  be-  „        „,.   . . 

>  1  t       1  FiO-  5.— Wheel  hoe  adapted  to  working  oiiiona. 

mg  dropped  about 

3  inches  apart  and  firmly  covered.  For  best  results  the  sets  should 
be  placed  in  an  upright  position.  The  quantity  of  sets  required 
to  plant  an  acre  will  depend  upon  their  individual  size  and  planting 
distance,  but  it  is  generally  between  eight  and  nine  bushels.  The 
price  of  sets  at  planting  time  is  generally  about  $2.50  a  bushel,  or 
$20  for  an  acre. 

METHODS  OF  TTtXAGB. 

The  cultural  requirements  of  the  onion  are  frequent  shallow  stir- 
ring of  the  soil  and  freedom  from  weeds.  The  feeding  roots  of  the 
onion  run  close  to  the  siirf ace  of  the  soil  and  should  not  be  disturbed 
by  deep  cultivation.  Sometimes  a  heavy  rain  immediately  after 
seeding  will  so  pack  the  siirface  that  the  seedlings  can  not  break 
through.  Under  such  circumstances  it  will  be  necessary  to  slightly 
break  the  surface  by  means  of  a  steel  rake  or  a  rake-like  attachment 
on  a  cultivator.  As  soon  as  the  plants  are  up  and  the  rows  can  be 
followed  the  cultivator  should  b^  started  to  loosen  the  soil,  which  is 
always  more  or  less  compacted  during  seeding. 

Hajid  cnltivation. — Where  the  rows  are  14  inches  or  less  apart,  the 
work  of  caring  for  the  crop  must  all  be  done  by  hand.  For  this 
purpose  the  wheel-hoe  tools  of  various  types  are  essential.  These 
implements  are  provided  with  several  kinds  of  hoes,  cutters,  and 
sweeps  designed  to  work  the  soil  away  from  the  plants,  to  shave  the 
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surface  and  destroy  weeds,  and  to  stir  the  soil  and  work  it  back 
around  the  plants.     Onions  grown  on  muck  and  alluvial  soils  will 


Fio.  e.— Special  wheel  hoea  for  culHvstLng  odIodi. 

require  from  eight  to  fourteen  workings  with  the  wheel-hoe  imple- 
ments; on  sandy  soils  it  will  not  be  necessaiy  to  cultivate  so  fre- 
quently. 

Several  types  of 
wheel  hoe  are  in 
use,  but  those  hav- 
ing a  single  wheel 
and  passing  be- 
tween the  rows  are 
most  desirable. 
Those  of  the  type 
in  figure  5  are  good . 
Many  growers  have 
designed  special 
implements  to  suit 
the  requirements 
of  their  soils;  two 
of  these  are  shown 

infiguree,  theone  Fio.7.-HighwiiMitypooiiH».  (Pat«iwd.) 

designed  to  cut  the 

soil  away  from  the  row  an<l  the  other  to  stir  and  work  the  soil  back  to 
the  row.     Some  of  the  growers  in  the  onion  fields  near  Chicago  have 


Fio.  S.—Snull-taolh  boneculllvaloi. 
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adopted  a  ho&^tock  consisting  of  a  pair  of  light  plow  handles,  an  iron 
stock,  and  the  front  wheel  of  a  bicycle.  To  the  stock  of  this  device  may 
be  attached  almost  any  form  of  sweep  or  cutter,  and  the  implement  is 
exceptionally  e-asy  to  propel.  The  wide  distance  between  the  handles 
places  the    imple-  .  I 

meat  well  imder  the 
control  of  the  oper- 
ator.   Figure  7  will 
give  an  idea  of  the 
general  appearance 
of  this  implement. 
Horse      cultiva- 
tion.— In     sections 
where    onions     are 
grown  on  a  soil  that 
is  not  well  adapted  to  hand  culture  the  rows  are  placed  30  to  36  inches 
apart  and  the  cultivation  is  performed  by  means  of  horse-drawn  tools. 
This  is  particularly  true  where  onions  are  grown  on  the  ' '  black  waxy  " 
soils  of  Texas  and  other  soils  of  the  prairie 
type.     As  with  hand  culture,  frequent  shal- 
low stirring  of  the  soil  is  essential,  the  work 
generally  being  performed  with  one  of  the 
harrow- tooth    cultivators.     Those   of    the 
a_o  .    h  typ^  shown  in  figure  8  are  well  adapted  to 

this  work.  An  implement  known  as  a 
weeder  can  be  used  for  breaking  the  surface  before  the  seedlings 
appear;  also  for  general  cultivation  by  removing  a  tooth  at  the 
point  where  the  rows  are  located^ 

Hand  weeding. — It  is  well-nigh  impossible  to 
produce  a  crop  of  onions  without  some  hand 
weeding.  During  favorable  seasons  the 
strictly  hand  work  may  be  reduced  to  but 
one  or  two  weedings,  but  a  greater  number 
will  be  necessary  during  rainy  seasons.    Each  "°-  '»-""""™«>"- 

band  weeding  will  cost  from  $5  to  $12  an  acre,  according  to  wages 
paid  and  the  number  of  weeds  present.  The  work  of  hand  weeding 
noay  be  facilitated  by  the  use  of  some  of  the  small  hand  tools  designed 
for  the  purpose.  Among  these  tools  might 
be  mentioned  the  onion  hoe,  figure  9,  the 
hand  weeder,  shown  as  figure  10,  and  the 
thinning  or  weeding  hook,  figure  1 1 .  Girls 
Fio.ii.-Thtonineorw«dii.(b<»t.  ^nd  boys  are  expert  at  hand  weedmg,  the 
practice  being  to  work  them  in  gangs  of  ten  to  twenty  with  an  overseer 
behind  them  to  see  that  the  work  is  properly  done.  In  some  localities 
the  wages  paid  for  this  class  of  work  are  as  high  as  $1.50  a  day. 


20  ONION   CULTUBE. 

ZBBiaATIOH. 

Outside  of  the  areas  where  irrigation  methods  are  depended  upon 
for  the  production  of  general  crops  it  is  not  customary  to  use  artificial 
watering  in  the  growing  of  onions.  In  a  few  cases  the  land  has  been 
equipped  with  on  overhead  sprinkling  system  which  is  employed  to 
moisten  the  soil  after  the  seed  is  planted  and  abo  during  extremely 
dry  weather.  On  peat  and  muck  soils  the  young  seedlings  are  fre- 
quently lost  by  the  dry  muck  blowing  with  the  high  winds  of  early 
springtime.  Jn  this  way  a  part  of  the  field  may  have  the  soil  blown 
off  to  such  an  extent  that  the  plants  will  be  left  without  soil  about 
them,  while  other  portions  of  the  field  will  be  covered  by  1  or  2  inchea 


FlQ.  12.— IrrlgBtlan  dItchM  In  Beiiiiu<to.oiilaa  Held  In  Texas. 

of  loose  muck.  The  use  of  a  small  quantity  of  water  sprayed  over  the 
field  will  prevent  this  shifting  of  the  soil  during  a  windstorm,  and 
thus  save  the  crop  from  destruction.  Sandy  soib  are  also  subject  to 
the  action  of  winds  to  a  greater  or  less  extent,  and  losses  may  be 
prevented  by  the  timely  apphcation  of  water  over  the  surface.  In  a 
few  instances  subirrigation  is  employed  in  the  growing  of  onions. 

Throughout  the  Bermuda  district  of  the  Southwestern  States 
surface  irrigation  is  almost  universally  employed.  The  Bermuda 
onions  are  planted  mostly  in  comparatively  level  beds  with  dividing 
ridges  and  are  flooded  once  each  week  or  ten  days  during  the  growing 
period.    About  a  week  before  the  plants  are  set  the  soil  is  flooded 
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and  then  worked  over  with  disk  and  smoothing  harrows  just  ahead 
of  the  planters.  Within  a  day  or  two  after  planting  the  land  is  again 
flooded  and  the  surface  water  drawn  off;  this  process  is  repeated, 
with  alternate  cultivations,  as  often  as  the  land  becomes  dry. 
Toward  the  end  of  the  growing  season  the  water  is  withheld  to  allow 
the  bulbs  to  ripen.  As  a  rule  about  ten  waterings  in  all  are  required, 
at  a  cost  of  about  J1.50  an  acre  for  each  watering,  or  J15  altogether. 
Figures  12  and  13  will  give  a  good  idea  of  the  methods  of  applying 
the  water  in  the  Bermuda-onion-growing  district. 

In  the  principal  Bermuda-onion-growing  districts  the  wat^r  for 
irrigation  purposes  is  obtained  only  after  the  expenditure  of  thou- 


FlO.  13.— InlEBtlaD  at  Bamiuda  onUjiu  la  TeKU. 

sands  of  dollars  for  pipe  lines  and  pumping  machinery,  and  the  cost  of 
watering  as  ^ven  above  does  not  include  any  share  of  the  original 
cost  for  installation. 

HABTBSTINO  AKD  CTDBIHa. 

In  the  northern  onion  districts  the  crop  ripens  and  is  harvested 
during  the  latter  part  of  the  summer  and  early  autumn.  As  a  rule  the 
work  of  harvesting  onions  begins  late  in  July  and  is  practically  com- 
pleted and  the  crop  housed  before  October  first.  In  the  Southern 
States,  where  the  crop  is  grown  during  the  winter,  the  harvesting 
and  marketing  period  is  during  the  spring  months  and  is  practically 
ended  before  the  northern  product  comes  upon  the  market. 
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Conditian  at  bvlbs  when  ready  to  harrest. — Id  the  North  the  bulbs  are 
allowed  to  become  as  ripe  as  possible  before  removing  them  from  the 
soil.  Growers  prefer  that  the  tops  ripen  down  and  shrivel  and  that 
the  outer  skin  of  the  bulbs  be  dry  before  they  are  pulled.  Figure  14 
shows  a  field  of  onions  in  prime  condition  for  gathering.  To  the 
southward,  where  the  onions  are  not  cured  so  thoroughly,  they  are 
often  pulled  about  the  time  that  the  tops  begin  to  break  and  fall. 
The  ripening  process  may  often  be  hastened  by  rolling  a  very  light 
roller  or  a  barrel  over  the  tops  to  break  them  down.  This  process 
is  frequently  spoken  of  as  "barreling." 

Ketbodfi  of  handliag  tlie  bulbs. — ^Where  the  bulbs  are  practically  upon 
the  surface  they  may  be  pulled  by  hand  and  thrown  in  windrows 


consisting  of  eight  or  ten  onion  rows.  If  the  onion  bulbs  are  con- 
siderably covered  with  soil  it  will  be  necessary  to  employ  a  one- 
horse  plow  or  a  cultivator  with  a  sweep  attached  for  lifting  them. 
In  any  case  it  will  be  necessary  to  gather  them  from  the  soil  by 
hand.  After  lying  in  the  windrows  for  several  days  and  being  stirred 
occasionally  with  wooden  rakes  they  are  gone  over  and  the  tops 
removed  either  by  twisting  or  cutting  with  ordinary  sheep  shears.  In 
cases  where  very  bright  color  is  important,  as  with  fancy  White 
Globe  onions,  and  this  would  be  injured  by  exposure  to  the  sun  and 
rain,  the  bulbs  are  cured  in  long,  narrow,  low  ricks  formed  by  two 
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rows  of  onions  laid  with  the  bulbs  regularly  to  the  center,  tops  to 
the  outside,  the  rows  a  few  inches  apart  at  the  bottom  of  the  rick 
but  coming  together  at  the  top,  and  the  top  of  the  rick  covered 
by  straw  or  boards  to  shed  the  rain.  As  the  tops  are  removed  the 
bulbs  are  generally  placed  in  crates  for  drying.  In  some  sections 
onion-topping  machines  are  employed,  the  bulbs  being  hauled  from 
the  field  to  a  central  location  and  run  through  the  topper.  These 
machines  remove  the  tops,  grade  the  bulbs,  and  deliver  them  into 
the  crates  or  bags.  If  crates  are  not  employed  for  curing,  the  bulbs 
are  allowed  to  lie  in  the  windrows  for  some  time,  and  are  then  either 
put  into  sacks  or  hauled  to  slat  cribs,  where  they  complete  the  curing 
process.    Too  long  exposure  to  hot  sunshine  will  injure  the  bulbs. 


Fio.  IS— ODions  drying  in  tvjndnjwj,  showlnu  tmim  usbl  lur  luriiii:  hikI  sluriiii,'. 

Figure  15  shows  a  field  of  onions  drying  in  windrows,  with  crates 
ready  for  their  removal  from  the  field. 

After  gathering  into  crates  the  crates  are.  either  stacked  in  the 
field,  hauled  to  a  central  stacking  yard,  where  the  stacks  of  crates  are 
covered  with  boards  or  canvas,  or  hauled  to  open  sheds  and  there 
piled  one  upon  the  other  with  numerous  air  spaces  until  the  onions 
are  thoroughly  cured. 

Where  the  bulbs  are  extremely  dry  at  the  time  of  their  removal 
from  the  soil,  they  may  be  allowed  to  Ue  in  the  windrows  for  a  few 
days  only,  and  then  sorted  and  cleaned  in  the  field  ready  for  packing 
and  marketing.  Where  onions  are  put  into  sacks  and  afterwards 
allowed  to  remain  in  the  field,  the  sacks  should  be  supported  on 
poles  laid  upon  the  ground,  as  shown  in  figure  16. 
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In  the  BeTmuda-omon  districts,  where  very  little  attention  is  given 
to  the  curing  of  the  crop,  it  is  the  practice  to  pack  and  load  into  the 
cars  as  soon  as  possible  after  pulling  and  topping.  When  the  shipping 
is  at  its  height,  it  is  not  uncommon  for  onions  that  are  pulled  from 
the  soil  in  the  morning  to  be  in  the  cars  and  on  their  way  to  market 
by  evening;  however,  a  portion  of  the  crop  is  given  a  more  thorough 
curing  process,  and  the  entire  crop  would  be  benefited  by  at  least 
two  days  of  curing  before  shipment. 


Fid.  IC-Hetbud  or  curing  onions  [n  sacks  sUndlni:  In  Held. 
STOBAaE. 

In  order  that  onions  should  keep  well  when  stored  they  must  be 
well  ripened  and  thoroughly  cured.  Those  that  are  immature,  soft, 
or  "thick  necks"  should  never  be  placed  in  storage  but  sold  as  soon  as 
gathered  for  whatever  price  they  will  bring.  Good  storage  onions 
will  rattle  almost  like  blocks  of  wood  when  poured  from  one  crate  to 
another.  In  order  that  the  bulbs  may  remain  bright  and  of  attractive 
appearance  they  should  not  be  allowed  to  lie  exposed  to  the  weather, 
but  should  be  hauled  and  stored  in  open  sheds  just  as  soon  as  they  may 
safely  be  placed  in  one-bushel  crates. 

After  the  bulbs  have  remained  in  drying  sheds  or  cribs  for  several 
weeks  they  will  be  ready  for  screening  and  removal  to  the  storehouse. 
In  handling  onions  it  is  the  rule  to  pass  them  over  a  screen  each  time 
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they  are  moved,  as  in  this  way  the  loose  skins  are  removed  and  any 
soft  or  decaying  bulbs  may  be  sorted  out.  When  bags  are  used  for 
drying  in  the  field,  the  onions  are  screened  in  the  manner  shown  in 
figure  17,  and  the  bags  refilled  for  hauling  to  the  storage  house. 

In  screening,  the  onions  are  placed  on  one  end  of  the  screen  while 
the  men  stand  alongside  and  stir  the  bulbs  about  with  their  hands, 
passing  them  along  to  the  opposite  end,  where  the  bags  are  filled. 

Conations  reqnired  in  storage. — Hie  essentials  for  the  successful 
storage  of  onions  are  plenty  of  ventilation,  storing  in  small  quantities, 
a  comparatively  low  temperature,  dryness,  and  safety  from  actual 


Fia.  17.— Giadiog  aaloni  Id  ths  Held  by  means  of  ■screen. 

freezing.  Any  building  wherein  the  above  conditions  may  be 
secured  will  answer,  but  houses  of  the  type  shown  in  figure  18,  which 
are  built  especially  for  the  purpose,  are  most  satiafactorj'. 

The  construction  of  the  storage  house  should  be  double  throughout, 
with  plenty  of  felt  or  paper  lining.  Both  top  and  bottom  ventilation 
should  be  provided  and  the  ventilator  openings  should  have  doors 
that  may  be  closed  to  control  the  temperature.  The  floors  are  con- 
structed of  narrow  planks  with  half-inch  spaces  between  the  planks 
for  the  passage  of  air.  Bottom  ventilation  is  frequently  secured  by 
means  of  draia  pipes  built  into  the  foundation  at  the  surface  of  the 
groxmd.    These  pipes  are  carried  some  distance  toward  the  center 
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of  the  house  and  dischai^  the  cool  air  at  a  point  where  it  is  most 
needed. 

The  temperature  of  the  storage  house  should  be  carried  as  low  as 
possible  without  actual  freezing.  During  extremely  cold  weather 
the  ventilator  openings  and  doors  should  be  kept  closed  to  keep  out 
cold,  and  after  the  onions  have  become  thoroughly  chilled  the  house 
should  be  kept  closed  in  order  to  hold  the  temperatiu%  down  and 
prevent  the  entrance  of  moisture  during  warm  or  rainy  periods. 
Damp,  foggy  weather  is  injurious  to  onions,  especially  if  it  follows  a 
period  of  cold,  and  will  cause  the  bulbs  to  become  covered  with 
moisture  if  the  outside  air  is  admitted.     A  little  artificia)  lioat  from  a 


stove  or  radiator  may  be  required  during  excessively  cold  weather, 
but  so  long  'as  the  temperature  in  the  house  does  not  fall  below  33 
degrees  there  will  be  no  danger  of  injury.  A  temperature  of  from 
34  to  36  degrees  will  give  best  results. 

Methods  of  storing. — The  best  method  of  storing  onions  is  in  standard 
size  slat  crates  20  inches  long,  16  inches  wide,  and  14  inches  deep, 
outside  measurements.  The  material  for  the  sides  and  bottom  is 
about  f  inch  thick,  and  2^  inches  wide,  four  pieces  being  used  to  form 
a  side.  The  comers  are  reinforced  on  the  inside  by  means  of  three- 
cornered  pieces  of  oak,  to  which  the  slats  are  nailed.  These  dimen- 
sions provide  crates  that  are  interchangeable,  the  width  of  five  being 
equal  to  the  length  of  four.    These  crates  will  also  nest  together 
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when  empty,  with  one  inside  of  two  turned  together.  The  full 
crates  are  stacked  in  the  storehouse  with  I  by  3  inch  strips  between 
them  to  allow  for  the  circulation  of  air,  aa  shown  in  figure  19. 

Onions  are  sometimes  stored  in  slat  bins  holding  100  to  300  bushels 
each.  Bags  are  also  xised  to  some  extent,  but  neither  bags  nor 
bins  are  as  satisfactory  as  the  ctBtes,  owing  to  the  difficulty  in  pro- 
viding the  necessary  Tentilation  and  change  of  air  through  the 
onions.     Bulbs  stored  in  bags  or  bins  must  be  more  thoroughly  cured 


Fio,  l9.-~Inslile  of  itonge  h[>u»,  sbawJng  method  olstwldng  crates. 

than  those  stored  in  crates.  There  are  single  large  storchoitMes  in 
use  that  will  accommodate  50,000  to  60,000  bushels  of  onions  when 
stored  in  crates. 


Laige  quantities  of  onions  are  sold  and  shipped  direct  from  the 
fields  where  they  are  grown.  A  part  of  the  crop  is  held  in  t^-mporarj' 
storage  until  late  autumn  or  early  winter.  During  recent  years  the 
winter  storage  of  onions  has  become  of  great  importance  and  the 
finest  stock  is  held  for  late  winter  deliveries.  The  Bermuda  crop 
from  the  southwestern  part  of  the  country  comes  upon  the  market 
during  April  and  May,  so  that  most  of  the  storage  onions  are  dis- 
posed of  before  that  time. 
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Gradu^. — In  marketing  onions  the  first  essential  is  to  properly  grade 
and  clean  the  bulbs,  in  order  that  they  may  present  an  attractive 
appearance  when  offered  for  sale.  Ordinarily  the  bulbs  are  sepa- 
rated into  three  grades — primes,  seconds,  and  "picklers."  The 
primes  include  all  those  of  1}  inches  in  diameter  and  lai^er,  and  the 
seconds  consist  of  those  from  }  inch  to  1}  inches  in  diameter,  while 
all  those  that  will  pass  through  a  {-inch  screen  are  sold  for  pickling 
purposes.  The  grading  is  generally  done  in  the  field  during  the 
cleaning  process,  but  as  onions  shrink  considerably  while  in  storage 
it  is  necessary  to  r^rade  before  placing  upon  the  market.  The 
type  of  screen  used  for  grading  onions  is  shown  in  figure  20.     For 


Fig.  20.— Screen  used  lorgnullagsiiddeaDliigonkDi^Gbowlng  folding  crates  lar^l;  used  for  nurkeUng. 

cleaning  the  pickling  onions  an  ordinary  fanning  mill  is  employed, 
special  screens  being  provided  for  the  purpose. 

Shippii^  packages. — Onions  are  placed  upon  the  market  in  crates, 
bags,  barrels,  Delaware  baskets,  one-half  barrel  baskets,  and  in  bulk. 
The  folding  crate,  shown  in  the  foreground  of  figure  20,  is  undoubt- 
edly the  most  attractive  package  in  use  for  marketing  onions.  The 
bags  employed  are  of  heavy  burlap  and  hold  about  the  same  quan- 
tity of  bulbs  as  a  barrel.  The  barrel  in  most  common  use  is  the  same 
as  is  iised  for  shipping  early  potatoes  and  holds  about  eleven  pecks. 
These  barrels  are  constructed  of  thin  staves,  have  numerous  open- 
ings for  ventilation,  and  are  headed  with  a  piece  of  burlap.  Standard 
apple  barrels  having  two  heads  are  also  used  for  handling  onions. 


ONION   CTJLTTJKB.  29 

Omons  are  frequently  shipped  loosely  in  cars  and  shoveled  into  bar- 
rels or  bags  at  their  destination. 

Weigbt  of  onions. — ^The  legal  weight  of  onions  per  bushel  varies  some- 
what in  different  States,  but  56  pounds  of  dry  onions  are  generally 
considered  a  standard  bushel. 

IMPOBTANT  COMMEBCIAL  VABIETIBS  OF  ONIONS. 

Common  market  varieties. — ^The  varieties  of  onions  that  have  dis- 
tinctively yellow,  white,  and  red  skins  and  are  of  the  globular  type  are 
of  greatest  commercial  importance.  Among  the  varieties  that  belong 
to  the  yellow  globe  class  are  the  Prizetaker,  Yellow  Danvers,  Yellow 
Globe,  Danvers,  Southport  Yellow  Globe,  and  Ohio  Yellow  Globe. 
The  principal  white  varieties  are  Southport  White  Globe,  New  Queen, 
Italian  Tripoli,  Silver  Skin,  and  White  Silver  King.  Among  the 
more  important  red  sorts  are  Red  Globe,  Red  Wethersfield,  and 
Australian  Brown. 

The  principal  Bermuda  varieties  are  Red  Bermuda,  White  Bermuda 
and  Crystal  Wax.  The  Bermuda  onions  are  all  of  the  more  or  less 
flat  type.  The  red  coloration  of  the  Bermuda  onion  is  not  distinctive 
like  that  of  the  Red  Wethersfield  or  Red  Globe  varieties,  but  is 
lighter  in  color.  The  famous  Denia  onion  is  somewhat  of  the  Prize - 
taker  type,  is  light  yellow  in  color,  grows  to  a  large  size,  and  is  mild 
in  flavor. 

In  the  selection  of  varieties  for  any  particular  locaUty  the  soil  con- 
ditions and  market  requirements  should  both  be  considered.  Those 
adapted  to  the  muck  soils  are  the  yellow  and  red  sorts.  For  alluvial 
and  prairie  soils  the  red  and  brown  varieties  are  to  be  preferred, 
while  all  kinds  do  well  on  the  sandy  loams  and  light  soils.  A  cleaner, 
better  grade  of  white  onions  can  generaUy  be  produced  on  Ught  or 
sandy  sods  than  on  muck  or  clay  loams.  Those  of  the  Bermuda, 
Spanish,  and  Egyptian  types  flourish  on  the  deep,  rich  alluvial  soils 
of  the  river  bottoms  and  delta  regions. 

Certain  of  our  markets  show  a  decided  preference  for  onions  be- 
longing to  a  particular  type.  The  red  and  brown  varieties  find 
ready  sale  on  the  markets  of  the  Middle  West,  while  onions  of  the 
yellow  and  white  varieties  are  preferred  in  the  eastern  cities.  Onions 
will  withstand  long-distance  shipment,  those  of  the  Red  Globe  type 
being  generally  more  subject  to  injury  than  the  yellow  and  brown 
sorts.  Some  of  the  white  varieties  also  have  a  thin  skin  and  are  easily 
injured.  It  should  be  the  aim  of  every  grower  to  employ  varieties 
that  will  withstand  handling  and  at  the  same  time  find  ready  sale  on 
the  market. 

Otlier  types  of  onions. — ^Among  the  types  not  already  discussed  are 
top  onions,  multipUers,  garhc,  and  leeks,  which  are  planted  to  some 
extent  for  marketing  purposes. 

354 
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The  top  or  tree  onion,  which  reproduces  by  means  of  small  bulb- 
lets  formed  on  the  top  of  a  seed  stalk,  is  extensively  used  in  the  pro- 
duction of  early  spring  bimching  onions. 

The  multipUer  or  potato  onion  reproduces  by  a  division  of  the 
bulbs.  In  growing  this  variety  it  is  necessary  to  plant  large  bulbs 
to  produce  sets  for  the  next  year's  planting  and  small  bulbs  or  sets  for 
the  crop  of  large  onions.  The  bulbs  of  this  variety  may  remain  in  the 
soil  year  after  year  and  are  desirable  for  use  early  in  the  springtime. 

Garlic  is  closely  aUied  to  the  onion,  but  will  remain  in  the  ground 
from  one  year  to  another  if  imdisturbed.  GarUc  is  planted  by  setting 
the  small  bulbs,  or  cloves,  in  either  the  autumn  or  early  spring.  The 
culture  is  practically  the  same  as  for  the  onion. 

The  leek  also  belongs  to  the  same  class  as  does  the  onion,  but  re- 
quires somewhat  different  treatment.  The  seed  is  usually  sown  in 
a  trench  and  the  plants  thinned  to  about  4  inches  in  the  row.  The 
plants  of  the  leek  are  given  about  the  same  cultivation  as  onions, 
except  that  after  they  have  attained  almost  full  size  the  soil  is  drawn 
around  them  to  a  height  of  6  or  8  inches  to  blanch  the  fleshy  stem. 
The  leek  does  not  form  a  true  bulb  like  the  onion,  but  the  stem  is 
imiformly  thick  throughout.  Leeks  are  marketed  in  bunches,  like 
young  onions,  and  they  may  be  stored  in  cellars  for  winter  use. 

THE  PBODTJCTIOH  OF  BEEMUDA  OmOHS. 

The  production  of  Bermuda  onions  in  the  United  States  is  a  com- 
paratively new  industry  and  has  thus  far  been  undertaken  mainly 
in  Texas  and  CaUfomia.  Mr.  T.  C.  Nye,  now  of  Laredo,  Tex.,  was 
perhaps  the  first  to  grow  the  genuine  Bermuda  onion  in  this  country, 
his  early  trials  being  at  Cotulla,  Tex.  The  greater  portion  of  the 
Bermuda  industry  of  this  country  is  now  located  in  southern  Texas 
and  comprises  from  5,000  to  7,000  acres  in  all.  The  Bermuda  onion 
is  also  grown  in  southern  CaUfomia  very  successfully,  and  small 
areas  are  planted  in  southern  Florida. 

SOILS  AND  CUMATE  ADAPTED  TO  THE  BEBIHTDA  ONION. 

Soils  of  a  silty  or  alluvial  nature  are  suited  to  the  production  of 
Bermuda  onions,  and  those  containing  considerable  sand  are  most 
desirable.  As  already  noted  in  referring  to  fertiUzers  for  onions,  the 
Bermuda  requires  a  very  rich  soil  for  the  best  results,  and  this  can  only 
be  obtained  by  first  selecting  a  good  soil  and  then  manuring  heavily. 
The  Bermuda  onion  as  grown  in  this  country  is  a  winter  crop;  there- 
fore, mild  cUmatic  conditions  are  required.  While  the  plants  would 
withstand  considerable  freezing,  their  growth  is  seriously  checked  by 
cold  weather,  and  the  crop  will  not  mature  in  time  for  the  early 
market  if  grown  to  the  northward. 
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cxtltubaIj  methods. 

The  cultural  methods  employed  in  the  growing  of  Bermuda  onions 
are  essentially  the  same  as  those  for  ordinary  onions.  As  the  greater 
portion  of  the  crop  is  grown  in  a  region  which  has  no  regular  rainfall, 
irrigation  methods  are  employed  almost  imiversally.  The  greater 
part  of  the  crop  is  grown  by  the  transplanting  process  and  a  great 
amount  of  hand  labor  is  required.  The  seeds  are  sown  in  specially 
prepared  outdoor  beds  from  the  middle  of  September  to  the  middle 
of  October,  and  the  seedlings  are  transplanted  to  the  field  November 
20  to  January  10,  or  even  later.  Three  and  one-half  to  four  and  one- 
half  pounds  of  seed  are  required  for  each  acre  to  be  planted;  this  will 
allow  for  discarding  all  the  weaker  plants.  The  plants  are  allowed 
to  remain  in  the  seed  bed  until  they  are  from  ^^  to  J  inch  in  diameter 
before  they  are  transplanted.  As  the  seedUngs  are  Ufted  the  greater 
portion  of  both  the  small  roots  and  the  tops  is  trimmed  oflF  in  order 
that  they  may  be  transplanted  more  readily.     (See  fig.  4.) 

HABVESTING  AND  XABEXTING. 

Bermuda  onions  are  harvested  as  early  as  possible,  generally  before 
the  tops  have  become  fully  ripened.  For  removing  the  bulbs  from 
the  groimd  a  1-horse  plow,  a  potato  di^er,  or  a  cultivator  with  a 
cutter  wing  attached  is  employed.  The  bulbs  are  then  separated 
from  the  soil  by  hand,  the  tops  cut  oflF  with  shears,  and  the  onions 
thrown  in  windrows  or  piles  to  dry  in  practically  the  same  manner 
as  for  the  regular-crop  onions  in  the  North.  After  the  bulbs  have 
become  thoroughly  dry  on  the  surface  they  are  either  placed  directly 
in  the  crates  for  shipment  or  are  carried  to  a  packing  shed  to  be 
graded  and  packed  for  market. 

During  the  early  days  of  the  Bermuda-onion  industry  the  crop 
was  shipped  largely  in  bags,  but  it  was  soon  found  that  the  bulbs 
were  too  perishable  for  this  method  of  handling.  At  present  the 
greater  portion  of  the  crop  is  sent  to  market  in  folding  slat  crates 
that  are  about  20  inches  long,  12  inches  wide,  and  12  inches  high. 

These  crates  hold  approximately  50  poimds  of  onions  and  weigh 
56  or  57  pounds  when  filled.  The  cost  of  these  crates  is  about  $18 
a  hundred,  but  they  add  enough  to  the  attractiveness  and  carrying 
qualities  of  the  onions  to  make  their  use  profitable. 

YIEIJ>  OF  BBBMUDA  ONIONS  AND  PRICES  OBTAINED. 

Phenomenal  yields  of  34,000  and  35,000  poimds  of  Bermuda 
onions  are  frequently  made  on  an  acre  of  land,  but  this  is  far  above 
the  general  average,  which  is  in  the  neighborhood  of  10,000  or  12,000 
pounds  to  the  acre.    Many  fields,  especially  when  planted  for  the 
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first  time,  do  not  yield  as  much  as  10,000  pounds  to  the  acre.  On 
land  that  has  been  heavily  manured  and  planted  to  onions  for 
several  years  the  yield  averages  about  16,000  pounds. 

The  prices  paid  the  growers  vary  according  to  the  market  and 
condition  of  the  crop,  but  are  generally  about  $1.60  a  himdredweight, 
the  buyer  furnishing  the  crates  and  loading  the  cars.  With  a  nor- 
mal yield  of  16,000  pounds  the  returns  would  at  this  rate  be  about 
$250  an  acre. 

The  cost  of  production  wiU  be  about  as  follows:  Preparation  of 
land  and  fertilizers,  $70;  seed,  $9;  transplanting,  $20;  irrigation,  $15; 
cultivation  and  hand  weeding,  $16;  harvesting,  $20;  and  interest  on 
investment,  $20,  making  a  total  of  $170  an  acre.  On  land  that 
does  not  produce  a  full  crop  the  expense  is  as  a  rule  somewhat  lower, 
the  larger  yields  generally  costing  more  for  growing. 

The  best  Bermuda-onion  farms  are  valued  at  $300  to  $500  an  acre. 
In  order  to  prove  profitable,  the  growing  of  Bermuda  onions  should 
be  conducted  on  a  comparatively  large  scale.  The  necessary  land 
and  irrigation  facihties  will  require  the  initial  outlay  of  from  $10,000 
to  $30,000,  and  the  nmning  expenses  are  quite  heavy.  Labor  can 
be  secured  at  a  low  price,  but  is  correspondingly  inefficient  and  oft<?n 
not  to  be  had  in  sufficient  quantities.  Furthermore,  the  markets 
are  now  pretty  well  suppUed  with  Bermuda  onions,  and  persons  who 
desire  to  engage  in  their  production  are  advised  to  investigate  every 
phase  of  the  industry  before  embarking  too  heavily  in  it.  The 
expansion  of  the  Bermuda-onion  industry  is  limited  by  the  facts 
that  a  lai^e  supply  of  bulbs  can  be  grown  on  a  comparatively  small 
area,  that  the  distance  to  market  is  great,  that  the  product  is  perish- 
able, and  that  the  markets  will  consume  only  a  Umitcd  quantity  at 
the  prices  at  which  the  crop  can  be  sold  with  profit. 

GEEEH  OinOHS  FOE  BXJirCHIlfG. 

Another  phase  of  onion  culture  that  is  of  considerable  importance 
in  certain  locaUties  is  the  production  of  young  bunching  onions  for 
the  early  spring  trade.  In  several  sections  along  the  South  Atlantic 
coast  the  growing  of  this  class  of  onions  is  quite  an  enterprise.  Many 
persons  who  are  engaged  in  other  lines  of  work  follow  the  practice 
of  growing  a  small  area  of  bunching  onions  as  a  side  issue. 

TYPE  OF  ONIONS  EMPLOYED. 

The  varieties  known  as  multipUers  and  top  onions  are  generally 
employed  for  this  purpose ;  however,  bunching  onions  are  sometimes 
grown  from  ordinary  sets,  from  inferior  and  damaged  large  onions, 
and  from  seed.  The  multipUers  and  top  onions  are  the  only  kinds 
adapted  for  this  work  on  a  large  scale. 
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OniiTURAIi  METHODS. 

For  growing  bunching  onions  the  bulbs  or  sets  are  planted  during 
the  autumn  either  in  beds  or  in  rows  12  or  14  inches  apart  with  the 
bulbs  quite  close  in  the  rows.  The  bulbs  will  start  growing  within 
a  short  time  and  make  more  or  less  growth  during  the  winter.  As 
soon  as  the  weather  becomes  warm  during  the  first  months  of  spring 
the  onions  make  a  rapid  growth  and  are  ready  for  marketing  about 
the  time  peach  trees  begin  to.  bloom. 

The  land  upon  which  these  onions  are  grown  should  be  rich  and 
mellow,  but  very  little  actual  cultivation  will  be  required.  Where 
the  winters  are  severe  it  may  be  necessary  to  provide  sUght  protec- 
tion, either  a  Uttle  straw,  loose  manure,  leaves,  pine  straw,  or  com 
fodder  that  has  been  run  through  a  shredder.  If  the  onion  beds  are 
protected  on  the  exposed  sides  by  means  of  a  wind-break  consisting 
of  a  grove  of  pines,  a  fence  of  boards,  pine  boughs,  or  com  fodder, 
the  crop  will  be  ready  for  marketing  a  Uttle  earUer  than  if  left  exposed. 
The  onions  not  gathered  for  marketing  are  allowed  to  remain  to  form 
the  bulbs  for  planting  the  following  season. 

KABKlftTING. 

In  marketing  this  class  of  onions  the  young  shoots  are  plilled,  the 
roots  trimmed,  and  the  outside  peeled  oflF,  leaving  the  stem  white 
and  clean.  The  onions  are  then  tied  in  small  bunches  by  means  of 
a  soft  white  string,  the  tops  trimmed  sUghtly,  and  the  bunches 
packed  in  crates  or  baskets  for  shipment  or  sale  on  the  local  market. 
This  phase  of  the  onion  industry  is  limited  to  small  plantings  and  is 
well  suited  to  the  needs  of  the  general  market  garden. 

During  the  springtime  and  early  sunmier  large  quantities  of  ordi- 
nary young  onions  are  pulled  when  the  bulb  is  about  the  size  of  a 
fifty-cent  piece,  the  roots  and  tops  are  trinmied,  and  they  are  then 
bunched  and  sold  for  stewing  purposes.  So  far  as  known,  this  class 
of  onions  is  not  shipped  to  any  great  extent,  but  is  sold  mainly  on 
local  markets. 

EITEMIES  OF  THE  OITIOH . 

The  onion  crop  of  the  United  States  is  by  no  means  free  from  both 
disease  and  insect  enemies.  Some  of  the  enemies  of  the  onion  may 
be  controlled  without  great  difficulty,  while  others,  if  once  established, 
can  not  be  eradicated  by  any  means  known  at  present. 

ONION  SICUT. 

The  disease  conmionly  known  as  onion  smut  is  exceedingly  trouble- 
some on  many  soils  that  have  been  planted  continuously  to  onions 
for  a  number  of  years.    When  this  disease  once  becomes  established 
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in  the  soil  it  is  very  difficult  to  eradicate.  Cases  have  been  observed 
where  land  infested  with  smut  was  not  planted  to  onions  for  ten 
years  and  where  the  smut  reappeared  in  destructive  quantities  the 
first  year  that  the  land  was  again  planted.  Onion  smut  is  a  disease 
that  can  be  carried  with  the  seed  or  by  cultivators  and  implements 
generally,  or  the  spores  may  be  carried  by  the  wind.  This  disease 
first  makes  its  appearance  in  the  form  of  a  swelling  or  hardening  of 
the  leaves,  usually  just  above  where  they  imite  with  the  plant.  After 
a  time  these  places  burst  open  and  a  powdery  black  dust,  the  spores 
of  the  fungus,  emerge  and  are  scattered  broadcast.  The  disease  at- 
tacks the  entire  plant  and  few,  if  any,  good  bulbs  will  be  produced  by 
affected  plants. 

Several  remedies  are  offered  for  onion  smut,  none  of  which  have 
proved  entirely  satisfactory.  Soaking  the  seed  for  about  twenty 
minutes  in  a  solution  consisting  of  1  ounce  of  formalin  in  1  gallon  of 
water  is  recommended  for  destroying  the  spores  that  may  adhere  to 
the  seeds.  This  process  must  be  done  but  a  short  time  before  plant- 
ing and  the  seed  dried  by  means  of  plaster;  however,  the  soaking  of 
the  seed  will  render  it  difficult  to  plant  evenly. 

Another  method  is  to  fit  the  seed  drill  with  a  small  tank  and  allow 
a  small  stream  of  the  above  solution  to  flow  into  the  row  just  behind 
the  seed  dropper  and  before  the  seed  is  covered. 

A  method  frequently  used  by  growers  is  to  provide  the  seed  drills 
with  fertilizer  attachments  and  apply  a  mixture  consisting  of  100 
pounds  of  sulphur  and  50  pounds  of  powdered  lime  in  the  rows  with  the 
seed. 

On  land  that  is  free  from  smut,  precautions  should  be  taken  to  pre- 
vent its  introduction.  The  danger  of  the  spores  being  present  with 
the  seed  is  not  great.  The  introduction  is  more  often  made  by  throw- 
ing diseased  bulbs  or  tops  in  the  manure  pile  and  then  hauling  the 
manure  on  to  clean  land,  or  by  the  dragging  of  infested  soil  from  one 
field  to  another  with  cultivators  and  other  implements. 

DOWNY  MILDBW. 

One  of  the  serious  onion  troubles  prevalent  both  in  the  Eastern 
States  and  on  the  Pacific  coast  is  the  downy  mildew  (Peronospora 
scTdeideniana  De  Bary).  This  usually  occurs  about  midseason  or 
when  warm,  muggy  weather  prevails.  It  causes  a  blighting  of  the 
leaves  and  is  characterized  in  the  earlier  stages  by  a  downy  violet 
covering  of  the  fungous  spores,  which  in  the  later  stages  are  less  easily 
detected.  Onions  grown  for  seed  are  quite  subject  to  attacks  of 
mildew  on  both  leaves  and  seed  stalks. 

Timely  and  thorough  spraying  with  Bordeaux  mixture  will  prevent 
the  spread  of  downy  mildew.  If  begun  when  the  first  signs  appear 
the  disease  can  be  checked.     It  is  better,  however,  to  begin  spraying 
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before  the  mildew  is  due  to  appear.  A  good  Bordeaux  mixture  for 
onions  is  made  from  3  pounds  of  copper  sulphate,  6  pounds  of  fresh 
lime,  and  50  gallons  of  water.** 

A  suitable  outfit  is  essential  for  success  in  onion  spraying.  A  barrel 
sprayer  operated  by  hand  and  with  two  leads  of  hose  will  fill  most 
needs.  Hand  sprayers  and  the  usual  type  of  geared  sprayers  are 
ineffective  because  not  thorough.  The  spray  must  be  delivered 
under  high  pressure  to  break  it  up  fine  enough  to  adhere  to  the  onion 
foliage,  and  the  entire  foliage  should  be  covered.  Repeat  the  spray- 
ing at  intervals  of  about  10  days,  depending  on  the  weather  and  the 
growth  of  the  crop. 

To  lessen  the  danger  from  this  disease  all  onion  tops  from  blighted 
fields  should  be  burned  and  a  rotation  of  crops  practiced. 

INSBOTS. 

The  onion  maggot  is  often  very  destructive  in  fields  that  are  just 
planted.  It  works  at  the  roots  of  the  young  seedlings  and  there  is 
no  entirely  satisfactory  means  of  combating  it.*  Crop  rotation  is 
one  of  the  remedies  recommended  for  its  control,  the  land  not  being 
planted  to  onions  oftener  than  once  in  three  years. 

Thrips  belong  to  the  class  of  minute  sucking  insects  attacking 
the  leaves,  causing  them  first  to  assume  a  duU  gray  or  dirty  appear- 
ance and  afterwards  to  turn  brown  and  die.  Onion  thrips  are 
very  destructive  in  the  South  and  are  quite  a  serious  pest  in  the  Ber- 
muda-onion district  of  Texas.  Spraying  with  kerosene  emulsion  is 
one  of  the  most  efficient  remedies,  but  thrips,  it  is  claimed,  may  be 
repelled  by  spraying  with  a  standard  solution  of  Bordeaux  mixture. 
It  is  noticeable  that  insects  of  this  character  generally  attack  crops 
that  are  grown  on  poor  soil,  that  are  late  planted,  or  that  are  neglected 
as  regards  cultivation.  Mr.  Nye  suggests,  for  Texas,  planting  the 
entire  crop  of  Bermuda  onions  before  January  1,  so  that  the  onions 
will  be  well  advanced  before  March  1,  at  about  which  time  the 
thrips  begin  to  appear.  According  to  observations,  thrips  do  not 
gain  a  firm  hold  on  a  strong,  vigorous  crop,  but  they  will  practically 
destroy  a  crop  that  is  inferior. 

Cutworms  frequently  do  great  damage  in  onion  fields  by  cutting 
off  the  yoimg  seedlings  after  they  appear  above  ground. 

<iFull  directions  for  making  and  applying  this  fungicide  will  be  found  in  Farmere' 
Bulletin  231,  which  may  be  obtained  without  coet  upon  application  to  the  Secretary 
of  Agriculture. 

^For  information  relative  to  the  onion  maggot  the  reader  is  advised  to  secure  a 
copy  of  Circular  No.  63,  Bureau  of  Entomology,  XJ.  S.  Department  of  Agriculture. 
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SXniHABT. 

COST  OF  PBODTTCnON,  YIELD,  AND  PBICES  OBTAINED. 

After  all,  the  profits  that  may  be  obtained  from  an  industry  of 
this  kind  is  the  important  consideration.  The  cost  of  growing  an 
acre  of  ordinary  onions  by  intensive  methods  will  vary  between  $50 
as  a  minimum  and  $150  as  a  maximum.  In  special  cases,  like  the 
production  of  Bermuda  and  Spanish  onions,  the  cost  may  run  con- 
siderably higher.  As  a  general  average  an  acre  of  onions  will  cost 
in  the  neighborhood  of  $80  when  ready  to  market.  This  does  not 
include  the  crates  or  bags  in  which  to  market  them. 

An  acre  of  onions  will  produce  on  an  average  300  bushels,  although 
large  tracts  are  made  to  yield  an  average  of  500  bushels  an  acre  at  a 
cost  for  growing  not  exceeding  $75.  The  price  paid  the  grower  in 
the  field  is  sometimes  as  low  as  35  cents  a  bushel,  although  45  cents 
is  about  the  ruling  price,  taking  one  year  with  another.  A  yield 
of  300  bushels  at  45  cents  a  bushel  gives  a  gross  return  of  $135  an 
acre,  or  about  $55  with  the  cost  for  growing  deducted.  The  more 
successful  onion  growers,  and  they  are  many,  count  upon  a  net  profit 
equal  to  the  cost  of  growing  the  crep. 

In  districts  where  the  ordinary  varieties  of  onions  are  planted 
in  rows  3  feet  apart  and  cultivated  with  horse  tools,  the  yield  is 
generally  about  150  bushels  an  acre  and  the  cost  of  production  is  fre- 
quently not  more  than  $10  or  $12  an  acre.  By  this  method  the  cost 
of  production  and  returns  are  both  comparatively  low,  but  the  mar- 
gin of  profit  is  very  satisfactory. 

PRESENT  RELATION  BETWEEN  SUPPLY  AND  DEMAND. 

Both  the  supply  and  the  demand  for  onions  are  increasing  and  at 
present  bear  about  an  equal  relation  to  each  other.  Some  years  the 
supply  falls  a  Uttle  short  and  the  prices  go  somewhat  higher,  with  the 
result  that  larger  quantities  are  imported.  The  following  season  the 
plantings  are  generally  heavier,  the  market  may  be  a  little  slow,  and 
the  result  will  be  low  prices  and  a  great  many  people  will  discon- 
tinue the  growing  of  onions.  Every  year  there  are  a  large  number 
of  persons  who  make  a  start  in  onion  growing  and  who  are  successful. 
By  reason  of  disease  and  change  of  soil  and  cUmatic  conditions  a  con- 
siderable number  of  persons  find  it  unprofitable  to  continue  the  grow- 
ing of  onions,  and  there  is  constantly  room  for  the  beginner. 

The  production  of  onions  in  a  small  way  requires  very  Uttle  land  or 
capital  for  a  start,  and  is  one  of  the  most  desirable  occupations  for 
persons  who  wish  to  Uve  an  outdoor  life.  The  care  of  the  crop  brings 
the  attendant  in  direct  contact  with  the  soil  and  is  one  of  the  greatest 
health-giving  pursuits  that  come  within  the  reach  of  persons  of  mod- 
"» te  means. 
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IHTBODUCnOV. 

The  onion  in  one  or  more  of  its  several  forms  has  been  in  use 
throughout  all  time  of  which  we  have  authentic  history.  Prom 
available  records  it  would  appear  that  the  original  home  of  the  onion 
was  in  southern  Asia  or  in  the  countries  surrounding  or  bordering  on 
the  Mediterranean  Sea.  During  early  times  the  onion  was  highly 
esteemed  as  an  article  of  food,  also  as  a  preventive  of  thirst  while 
on  the  march  or  traveling  in  the  desert.  In  olden  times  the  produc- 
tion of  onions  was  confined  to  the  alluvial  river  valleys,  but  the 
improvement  and  adaptation  of  varieties  has  made  it  possible  to 
grow  this  crop  under  widely  diverse  conditions. 

The  onion  belongs  to  the  widely  variable  species  AUmm  cepa, 
which  forms  a  part  of  a  botanical  family  of  plants  which  includes 
many  of  the  lilies,  the  several  forms  of  asparagus  and  smilax,  and 
similar  plants  having  a  scaly  or  fleshy  enlarged  root.  A  character- 
istic of  this  family  is  that  most  of  its  species  grow  naturally  upon  soil 
having  an  abundance  of  moisture,  many  of  them  being  natives  of 
low-lying  areas  along  the  seashore.  Another  characteristic  of  plants 
like  the  onion  and  asparagus  is  that  they  will  withstand  considerable 
salt  in  the  soils  on  which  they  grow.  The  onion  is  grown  primarily 
for  its  bulb;  however,  the  leaves  are  often  employed  for  seasoning, 
and  there  are  several  kinds  that  are  grown  for  their  leaves  only. 

Onions  are  one  of  the  more  important  of  our  truck  crops,  the 
acreage  in  the  United  States  during  the  four  years  from  1924  to  1927, 
inclusive,  averaging  about  70,000.  The  average  yield  per  acre  for 
this  period  was  about  280  bushels  and  the  total  production  equaled 
41,000  cars  of  500  bushels  each.  The  onion  is  one  of  the  more  com- 
mon crops  of  our  home  vegetable  gardens,  and  it  is  well  adapted 
to  growing  commercially  on  a  small  scale,  very  little  capital  being 
required  for  a  b^inning.  The  market  for  onions  includes  practically 
the  entire  commercial  world,  and  the  demand  for  a  good  article  con- 
tinues throughout  the  entire  year. 

During  recent  years  the  production  of  both  Spanish  and  Bermuda 
onions  has  become  firmly  established  as  an  industry  in  the  United 
States.  The  production  of  Bermuda  onions  has  developed  largely 
in  southwestern  Texas,  but  there  are  other  important  producing  sec- 
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tions,  and  it  has  been  fully  demonstrated  that  the  Bermuda  onion 
can  be  grown  over  a  wide  range  of  territory.  The  Spanish  or  Valencia 
onion  is  now  grown  on  a  large  scale  in  several  of  the  Western  States, 
the  quality  of  the  onions  produced  being  practically  equal  to  those 
imported  from  Spain. 

The  object  of  this  bulletin  is  to  give  brief  information  regarding 
the  commercial  production  of  onions,  including  the  hisfory  and 
characteristic  f eatm^es  of  the  Bermuda  onion  industry  in  this  country. 
The  production  of  onion  seed  and  sets  is  restricted  to  more  or  less 
definite  localities  and  for  that  reason  is  treated  in  a  separate  publi- 
cation (Farmers'  Bulletin  434). 

^  AEEAS  ADAPTED  TO  ONIOV  GXTITTmE. 

The  onion  is  exceptional  in  that  it  will  thrive  imder  a  very  wide 
range  of  climatic  and  soil  conditions.  The  crop  is  grown  to  perfec- 
tion in  the  alluvial  valley  of  the  Nile  River  in  Egypt,  on  the  volcanic 
soils  and  under  the  tropical  sea  breezes  of  the  South  Sea  Islands, 
along  sandy  coastal  plains,  in  the  irrigated  portions  of  the  arid 
regions,  on  sandy  uplands,  and  on  reclaimed  swamp  soils.  There 
is  perhaps  no  extended  area  in  the  United  States,  except  the  moun- 
tainous regions,  where  the  onion  can  not  be  successfully  grown* 

CHJMATIO  BBQUntBMEirrS  OF  THB  ONION. 

As  already  noted,  the  onion  will  thrive  imder  a  wide  range  of 
climatic  conditions.  For  best  results  a  temperate  climate  without 
great  extremes  of  heat  and  cold  should  be  selected.  Onion  culture 
is  rarely  profitable  in  regions  where  the  climate  does  not  change  or  has 
no  definite  seasons  of  heat  and  cold  or  wet  and  dry.  Naturally  the 
onion  does  best  under  rather  cool  conditions,  with  plenty  of  moisture 
during  its  early  stages,  but  requires  a  reasonable  degree  of  heat, 
together  with  dryness  of  both  soil  and  atmosphere,  for  its  proper 
ripening.  Where  the  onion  industry  has  become  established  in  the 
extreme  southern  part  of  the  United  States,  the  growing  season  is 
during  the  late  autumn  and  winter,  the  crop  maturing  during  the 
spring  and  early  summer.  If  the  crop  matures  at  a  time  when 
there  is  considerable  rainfall,  it  will  be  impossible  to  cure  the  bulbs 
and  they  will  be  lacking  in  keeping  qualities. 

Certain  types  and  varieties  of  onions,  including  the  "top  onions" 
and  the  "multipUers"  or  ''potato  onions,"  are  extremely  hardy  and 
may  remain  in  the  open  ground  throughout  the  winters  of  our 
Northern  States,  especially  if  given  slight  protection.  These  types 
are,  however,  not  adapted  to  growing  for  market,  exeept  as  green 
onions,  "peelers,"  or  "bimchers,"  to  be  sold  during  the  early  spring- 
time.   In  certain  sections  of  tiie  South  Atlantic  coast  region  large 
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aroas  of  the  top  and  multiplier  onions  are  grown  for  this  pur- 
pose. There  is  also  a  marked  difference  in  the  hardiness  of  the 
standard  commercial  sorts,  some  being  adapted  to  growing  far 
northward,  while  others,  like  the  Bermuda,  Egyptian,  and  Spanish 
types,  thriye  only  in  restricted  southern  locaUties. 

Length  of  seasttn  required  for  onions. — ^The  period  required  for  the 
production  of  a  crop  of  onions  will  depend  upon  the  season,  the  meth- 
ods employed  in  growing,  and  the  variety.  If  grown  from  seed,  a 
period  of  from  one  himdred  and  thirty  to  one  himdred  and  fifty 
da]^  will  be  required.  If  from  sets,  the  crop  may  often  be 
matured  in  one  hundred  days.  If  grown  in  the  extreme  northern 
part  of  the  United  States,  where  the  seasons  are  short,  the  crop 
will  mature  more  rapidly  than  to  the  southward.  Onion  seed  grown 
in  the  North  will  as  a  rule  produce  mature  bulbs  in  less  time  than 
that  produced  in  a  warm  climate.  In  the  case  of  the  Bermuda  onion, 
as  grown  in  Texas,  the  growing  season  extends  from  the  middle  of 
September  to  the  following  March  or  April. 

Rainfall  or  irrigation. — Onions  require  an  abundance  of  moisture 
during  the  early  stages  of  their  growth,  but  should  be  ripenecf  imder* 
comparatively  dry  conditions.  In  most  sections  the  seed  is  sown  at 
a  time  of  the  year  when  frequent  spring  rains  occur.  Their  period 
of  greatest  growth  is  during  the  early  part  of  the  summer,  and  the 
crop  is  ripened  late  in  the  simmier  when  drying  conditions  may  be 
expected.  In  irrigated  regions  the  apphcation  of  water  is  almost 
entirely  imder  the  control  of  the  grower.  During  the  active  period 
of  growth  the  water  is  applied  about  once  a  week,  the  soil  being  thor- 
oughly soaked  and  the  siurplus  water  drawn  off. 

The  amount  of  rainfall  or  irrigation  required  for  the  production  of 
a  crop  of  onions  will  depend  largely  upon  the  character  of  the  soil 
and  its  drainage.  Many  of  the  peat  or  muck  soils  in  which  the  soil 
water  remains  near  the  surface  will  require  very  little  rainfall;  in 
tact,  the  best  crops  of  onions  are  produced  on  these  soils  during 
seasons  of  comparatively  light  but  evenly  distributed  rainfall.  Sandy 
and  loose  soils  generally  will  require  a  greater  amount  of  water, 
especially  during  the  early  part  of  the  season.  Excessive  rainfall  or 
irrigation  will  have  a  tendency  to  produce  onions  having  a  large 
growth  of  leaves  and  stems  at  the  expense  of  the  bulbs.  Onions  of 
this  character  are  conmionly  termed  ''thick  necks"  or  ''scullions." 

SOILS  ADAPTBD  TO  ONION  CULTUBE. 

The  essential  requirements  of  a  soil  upon  which  to  grow  onions 
{NTofitably  are  a  high  state  of  fertility,  good  mechanical  condition  in 
order  that  the  crop  may  be  easily  worked,  sufficient  drainage,  and 
freedom  from  weeds.  If  a  soil  has  the  proper  mechanical  proper- 
ties— that  is,  if  it  contains  sufficient  sand  and  humus  to  be  easily 
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worked,  is  retentive  of  moisture  and  fertilizers,  and  is  capable  of 
drainage — all  other  requirements  can  be  met.  At  least  three  types 
of  soil  are  being  extensively  planted  to  onions  in  this  country,  the  one 
common  essential  being  proper  mechanical  condition. 

Clay  and  alluvial  loams. — Soils  of  this  character  aboimd  in  the  river 
valley  and  delta  regions  near  the  coast.  These  soils  are  generally 
very  fertile,  but  will  require  the  addition  of  humus  or  stable  maniure 
in  order  to  lighten  them.  The  greatest  difficulty  encountered  in 
growing  onions  upon  land  of  this  character  is  the  tendency  of 
the  soil  to  run  together  and  bake  after  hard  rains.  This  is  especially 
injurious  after  the  seed  has  been  sown  and  before  the  small  plants 
have  attained  sufficient  size  to  permit  of  stirring  the  soil  about  them. 
Where  these  soils  contain  considerable  sand  they  are  ideal  for  onion 
culture.  It  is  upon  this  class  of  soil  that  the  greater  part  of  the 
Bermuda,  Spanish,  and  Egyptian  onions  are  grown. 

Sandy  loams. — Sandy  soils,  especially  where  imderlain  by  a  well-drained 
clay  subsoil,  are  often  well  adapted  to  onions.  Soils  of  this  character 
generally  require  heavy  applications  of  fertilizers  before  they  will 
product  a  paying  crop,  but  the  quality  of  the  product  is  excellent. 
Onions  grown  on  sandy  loams  are  generally  soUd,  heavy,  and  of 
excellent  keeping  quality.  Where  sandy  soils  are  lacking  in  humus 
this  may  often  be  supplied  by  means  of  crops  of  crimson  or  other 
clover  grown  upon  the  land  and  plowed  under  when  it  has  attained 
its  greatest  growth.  The  use  of  leguminous  crops  should  be  supple- 
mented by  occasional  applications  of  1,000  to  1,200  pounds  of  Ume 
to  the  acre. 

Muck  and  peat  soils. — ^Throughout  the  north  central  part  of  the  United 
States  there  are  vast  tracts  of  peat  or  muck  soils  that  are  capable  of 
producing  onions.  Before  planting  to  onions,  however,  these  soils 
must  be  cleared,  drained,  and  brought  to  a  suitable  state  of  cultiva- 
tion. In  many  cases  this  process  will  require  two  or  three  years' 
time,  but  sometimes  the  soil  can  be  broken  during  the  early  winter, 
allowed  to  Ue  exposed  to  the  action  of  frost  for  a  few  weeks,  and 
planted  to  onions  the  following  spring.  Some  of  the  lai^est  onion 
farms  are  located  on  muck  lands,  and  there  are  still  great  tracts  of 
this  class  of  soil  waiting  to  be  reclaimed. 

The  store  of  plant  food  in  muck  soil  is  usually  large,  but  often  it 
is  not  in  available  condition,  and  heavy  applications  of  manure  and 
commercial  fertilizers,  such  as  superphosphate  and  potash,  are 
essential  to  profitable  crops. 

CULTTTRAL  METHODS. 

The  onion  belongs  to  that  class  of  crops  which  gives  best  results 
under  very  intensive  culture,  and  the  greatest  yields  are  secured 
where  a  moderate  acreage  is  planted  and  the  work  conducted  in  a 
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most  thorough  maimer.  There  is  nothing  tecnnical  or  difficult  about 
Uie  growing  of  onions,  but  close  attention  and  frequent  cultivation 
are  essentiid.  Once  the  weeds  get  a  start,  the  cost  of  production  will 
be  greatly  increased,  or  the  crop  may  be  lost  altogether. 

PBBPARATION  OF  NBW  LAND. 

As  a  general  rule  new  land  is  not  adapted  to  onion  growing  until  it 
has  been  worked  one  or  two  years  with  other  crops.  Onions  should 
follow  some  crop  that  has  been  kept  under  the  hoe  and  free  from 
weeds  the  previous  season.  G)m,  beans,  and  potatoes  are  suitable 
crops  with  which  to  precede  onions.  Muck  and  sandy  soils  may  in 
some  cases  be  brought  to  a  suitable  condition  for  onions  the  first 
season,  but  the  fitting  will  have  to  be  very  thoroughly  performed. 
The  land  should  be  plowed  in  the  autumn,  then  replowed  in  the  spring, 
after  which  numerous  harrowings  and  doubtless  some  hand  work 
will  be  required  to  get  the  soil  in  suitable  shape. 

If  necessary  to  manure  the  land  heavily  before  planting  to  onions, 
it  will  be  desirable  to  plant  to  some  farm  crop  one  season,  then  apply 
the  manure  during  the  autumn  in  order  to  give  it  time  to  become 
incorporated  with  the  soil.  Owing  to  the  value  of  good  onion  land 
it  would  not  be  advisable  to  devote  it  to  general  farm  crops  for  any 
extended  period,  although  com  is  frequently  planted  and  oats  or  rye 
are  sometimes  used  in  the  North.  Cowpeas  may  be  of  great  service 
in  bringing  new  land  into  shape  for  planting  to  onions. 

CBOP  ROTATION. 

Onions  should  not  be  planted  on  the  same  piece  of  land  year  after 
year,  and  some  system  of  crop  rotation  should  be  maintained.  Care 
should  be  taken,  however,  to  use  crops  in  the  rotation  that  will  not 
be  exhaustive  of  the  high  fertility  necessary  in  the  onion  land.  Dur- 
ing the  years  when  the  land  is  not  devoted  to  onions  it  can  be  planted 
to  some  truck  crop  that  will  give  a  return  that  will  justify  the  appUca- 
tion  of  large  quantities  of  fertilizers,  or,  better,  to  a  leguminous  crop 
to  be  turned  under  as  green  manure.  Continuous  cropping  with 
onions  will  cause  the  land  to  become  infested  with  both  disease  and 
insect  enemies  that  will  sooner  or  later  iQJure  the  crop  to  such  an 
extent  as  to  render  it  unprofitable. 

PBBPABATION  OF  TEE  SOIL. 

Assuming  that  the  land  intended  for  planting  to  onions  is  capable 
of  being  brought  to  a  good  mechanical  condition,  fertile,  well  drained, 
and  reasonably  free  from  weed  seeds,  the  first  step  in  the  production 
of  the  crop  will  be  to  plow  moderately  deep,  then  harrow,  disk,  roll, 
and  drag  until  the  soil  is  smooth  and  mellow  to  a  depth  of  4  or  5 
mches.    The  method  of  preparing  the  soil  will  depend  somewhat 
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upon  ita  character,  the  maimer  of  planting  to  be  followed,  and  the 
requirements  for  irr^ation.  There  are  few  truck  or  other  crops  that 
require  so  careful  fitting  of  the  soil  as  do  onions,  and  it  is  essential 
that  the  fertilizers  be  well  mixed  with  the  soil. 


Fio.  1.— Harrow  [or  amootUag  tad  levoUug  Uw  wit  bahlnd  tba  plow. 

On  soils  that  are  naturally  well  drained  and  where  surface  water 

can  not  accumulate,  the  plowing  may  be  done  in  large  blocks,  but 

where  the  opposite  conditions  are  found  or  irrigation  is  practiced  it 

may  be  necessary  to 
plow  the  land  in 
narrow  beds.  In  the 
case  of  insufficient 
drainage  it  will  be 
desirable  to  throwr 
the  soil  together 
into  beds,  leaving  a 
double  furrow  be- 
tween each  bed  to 
carry  off  surplus 
water.  Where  the 
flooding  system  of 
irrigation  is  prac- 
ticed the  beds  must 
be  leveled  and  a  sys- 
>  tem  of  ditches  and 
_        „  ridges  provided  for 

FiQ. 3.-Slik plow uMd torraaning UDd.  ,.   .   •,   ^■ 

distnbutmg  and 
controlling  the  water.  Where  it  is  merely  desired  to  secure  surface 
drainage  the  beds  may  be  from  75  to  150  feet  in  width,  but  for  irriga- 
tion purposes  the  beds  are  generally  but  12  or  15  feet  in  width.     If 
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spring  plowing  is  practiced  the  soil  should  be  harrowed  closely  behind 
the  plow  in  order  to  prevent  drying  out. 

For  cutting  and  pulverizing  the  soil  there  is  perhaps  no  tool  as  serv- 
iceable as  the  disk  harrow.  There  is  a  type  of  disk  having  four 
gangs,  in  two  sets,  one  combination  in  front  of  the  other  and  so 
arranged  that  the  soil  is  first  turned  to  the  center  and  then  turned  out- 
ward ^ain  by  means  of  the  rear  combination.  This  tool  turns  the 
soil  twice  and  leaves  it  in  a  level  condition.  For  smoothii^  and 
leveling  the  soil  behind  the  plow  a  harrow  of  the  typo  shown  in 
figure  1  is  very  desirable;  this  tool  not  only  levels  but  turns  and 
crushes  the  soil  at  the  same  time. 

On  land  that  has  been  plowed  during  the  autumn  and  requires 
replowing  in  the  spring,  a  device  of  the  type  shown  in  figure  2  will 
answer  and  will  do  the  work  more  rapidly  than  the  plow.  This  tool 
is  especially  adapted  to  bedding  up  land  that  has  been  previously 
plowed. 

For  imparting  the  final  smoothing  touch  to  the  soil  before  planting 
there  is  a  device  consisting  of  a  large  number  of  small  disks  set  in  a 


Fio.  3.— Devka  med  for  muBthlng  soil  Mora  Kadlng. 

wooden  frame  (fig.  3)  which  does  about  the  aame  work  as  a  steel  rake, 
but  in  a  rapid  manner.  A  drag  or  float  made  from  several  pieces  of 
scantling  nailed  together  may  be  used  for  this  purpose,  or  if  the  soil 
is  very  loose  a  roller  should  be  run  over  it.  The  final  leveling  should 
he  performed  with  a  tool  that  will  fill  and  obliterate  all  tracks  or  other 
depressions  in  the  soil,  leaving  a  smooth,  even  seed  bed  for  either  seed 
sowing  or  transplanting. 

TBRTTLIZSItS. 

Aa  the  onion  is  an  intensive  crop  and  yields  great  quantities  of 
marketable  bulbs  for  the  area  planted,  the  grower  is  justified  in 
manuring  heavily.  It  would  be  difficult  indeed  to  make  the  soil 
too  rich  for  onions  provided  the  manures  are  thoroughly  incorporated 
with  the  soil.  A  heavy  application  of  fresh  raw  manure  just  before 
planting  would  have  an  injurious  effect,  but  where  the  manure  is 
well  Tott«d  and  uniformly  applied  there  is  nothing  to  be  feared. 

Animal  mansreo. — There  is  pethapa  no  ferti]i7.er  so  well  adapted  to 

the  production  of  onions  as  plraity  of  clean,  well-composted  stable 
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manure,  and  the  quantity  and  frequency  of  application  will  depend 
upon  the  nature  of  the  land  luider  cultivation.  The  Bermuda-onion 
growers  of  southwestern  Texas  apply  as  high  as  20  tons  of  sheep  and 
goat  manure  to  an  acre  every  three  years.  In  addition  to  the  manure 
there  is  used  1,000  to  2,000  poimds  of  cotton-seed  meal  or  commercial 
fertilizer,  and  sometimes  a  top-dressing  of  nitrate  of  soda.  This  sheep 
and  goat  manure  is  from  animals  that  are  fed  largely  upon  cotton- 
seed meal,  is  saved  in  the  corrals  in  a  climate  where  there  is  very  HtUe 
rain,  and  it  contains  the  essential  fertilizing  ingredients  in  very  high 
percentages.  The  manure  is  first  piled  where  a  Uttle  water  can  be 
thrown  over  it  and  it  is  composted  for  several  months  before  spread- 
ing on  the  land.  The  best  results  from  this  manure  are  not  realized 
until  the  second  or  even  the  third  year  after  its  application. 

All  stable  manure  used  on  onion  land  should  be  well  composted 
before  use  and  then  spread  upon  the  land  several  months  before 
planting  to  onions.  In  the  Northern  States  the  manure  may  be  ap- 
plied during  the  autumn  and  well  disked  into  the  soil.  The  land  can 
then  be  allowed  to  lie  in  the  rough  state  and  exposed  to  the  action 
of  frost  during  the  winter,  or  it  can  be  smoothed  and  seeded  to  rye,  in 
which  case  it  will  be  necessary  to  replow  during  the  early  springtime. 
In  the  Bermuda  district  the  manure  should  be  applied  during  the 
springtime  and  the  land  kept  frequently  stirred  during  the  simuner 
months,  with  occasional  irrigations  in  order  to  assimilate  the  manure 
and  destroy  weeds;  the  planting  is  not  done  until  the  autumn.  An- 
other practice  in  the  Bermuda  district  is  to  apply  fresh  manure  broad- 
cast at  the  rate  of  10  to  12  tons  to  the  acre  during  the  spring  months, 
then  plant  to  com  and  cultivate  through  the  early  siunmer,  and  add 
a  top-dressing  of  well-rotted  manure  after  plowing  the  land  for  onions 
in  the  autumn.  This  top-dressing  should  be  well  worked  into  the  soil 
by  means  of  disk  harrows.  Large  quantities  of  fresh  manure  applied 
to  onion  land  just  before  planting  will  have  a  tendency  to  produce  an 
overgrowth  of  tops  at  the  expense  of  the  bulbs.  This  is  especially 
true  on  irrigated  lands  and  soils  that  are  naturally  moist. 

Commercial  fertilizers. — Where  there  is  an  abundance  of  hmnus  matter 
in  the  soil  the  onion  crop  will  be  greatly  benefited  by  moderate  appli- 
cations of  high-grade  commercial  fertilizers.  A  fertilizer  that  is 
suited  to  the  growing  of  potatoes  will  serve  quite  well  for  onions,  but 
the  potash  should  perhaps  be  suppUed  in  the  form  of  muriate  rather 
than  of  sulphate.  A  fertilizer  adapted  to  the  growing  of  onions 
shotdd  contain  4  to  6  per  cent  of  nitrogen,  6  to  7  per  cent  of  phos- 
phoric acid,  and  8  to  10  per  cent  of  potash.  A  fertilizer  of  this  char- 
acter will  cost  $38  to  $40  a  ton  and  can  be  profitably  applied  at  the 
rate  of  1,000  poimds  to  the  acre  on  most  soUs.  Where  very  inten- 
sive culture  is  practiced  it  may  be  profitable  to  apply  as  much  as  a 
ton  to  the  acre  in  addition  to  stable  manure. 
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If  it  is  found  desirable  to  secure  the  ingredients  and  mix  the  ferti- 
Jizer  at  home  the  following  materials  and  proportions  are  suggested : 

No.  1, — Far  iwe  in  the  Southern  States. 

PoUDdB. 

Nitrate  of  soda,  14  to  16  per  cent  nitrogen _ 200 

Cotton-seed  meal 760 

Superphosphate,  16  per  cent 760 

Muriate  of  potash,  60  per  cent 300 

No.  2. — For  use  in  sectione  where  cotton-^eed  meal  can  not  re<idUy  be  obtained. 

Pounds. 

Nitrate  of  soda,  14  to  16  per  cent  nitrogen 300 

Dried  blood _  600 

Superphosphate 800 

Muriate  of  potash,  60  per  cent 400 

No.  S.-^For  general  use. 

PoUDdfl. 

Sulphate  of  ammonia,  25  per  cent 200 

Dried  blood ^ 300 

Cotton-seed  meal 300 

Superphosphate 800 

Muriate  of  potash,  50  per  cent 400 

The  ingredients  of  these  fertilizers  should  not  be  mixed  until 
shortly  before  they  are  to  be  used,  as  there  is  danger  of  loss  from 
chemical  action.  In  mixing,  the  proper  quantity  of  all  ingredients 
should  be  weighed  and  dimiped  together  in  a  heap  on  a  clean,  tight 
floor.  The  work  of  mixing  can  be  done  by  shoveling  over  three  or 
four  times,  but  should  continue  imtil  all  liunps  are  broken  and  the 
mass  has  assumed  a  imiform  color  and  appearance. 

Commercial  fertilizers  should  not  be  applied  until  shortly  before 
sowing  the  seed  and  should  be  uniformly  distributed  and  thoroughly 
worked  into  the  soil.  There  are  one-horse  fertilizer  distributers  that 
scatter  the  fertilizer  broadcast,  but  where  an  amoimt  not  exceeding 
1,000  pounds  of  fertilizer  to  the  acre  is  being  used  the  work  of  dis- 
tribution may  be  performed  by  means  of  a  common  grain  drill  hay- 
ing a  fertilizer  attachment.  On  a  small  scale  the  work  is  generally 
performed  by  hand. 

Many  growers  follow  the  practice  of  applying  only  a  part  of  the 
fertilizer  at  planting  time,  reserving  the  balance  to  be  put  on  as  a 
top-dressing  at  some  time  during  the  period  of  cultivation.  This 
plan  is  especially  desirable  where  onions  are  grown  during  the  winter, 
as  the  application  of  highly  nitrogenous  fertilizers  in  the  autumn  is 
liable  to  promote  a  soft  growth  that  will  be  injured  by  cold.  If  the 
fertilizer  is  not  put  on  imtil  cold  weather  is  over,  the  crop  may  be 
forced  without  danger  of  injury.  For  this  purpose  only  those  ferti- 
lizers of  a  very  available  form  will  answer.  Nitrate  of  soda  is  fre- 
quently used  as  a  top-dressing  during  the  height  of  the  growing  period. 
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PBOPAaATZOK. 

Most  of  the  onions  grown  in  the  United  States  are  propagated  from 
seed.  Propagation  from  seed  is  conducted  by  three  more  or  less  dis- 
tinct methods:  First,  by  sowing  the  seed  in  the  rows  where  the  crop 
is  to  grow  and  mature;  second,  by  sowing  the  seed  in  specially  pre- 
pared beds  and  transplanting  the  seedlings  to  the  open  ground; 
third,  by  first  growing  sets  from  seed  and  then,  after  keeping  them 
through  the  winter,  planting  them  in  the  field  to  produce  tiie  crop  of 
mature  bulbs.  Of  these  three  methods  the  one  first  mentioned  of 
seeding  in  the  rows  where  the  crop  is  to  mature  is  the  only  one  that 
is  practical  on  a  very  large  scale.  Planting  sets  and  transplanting 
have  their  advantages,,  but  could  not  be  applied  on  a  large  scale 
owing  to  the  amount  of  labor  required. 

Planting  the  seed. — ^In  the  norljiem  onion-growing  districts  the  seed 
is  sown  as  early  in  the  spring  as  the  soil  can  be  brought  to  the  proper 
condition.  While  it  is  desirable  to  plant  quite  early  it  never  pays  to 
sow  the  seed  before  the  land  is  in  the  beet  possible  condition.  When 
the  soil  has  been  brought  to  a  smooth,  even  surface  and  is  fine  and 
mellow,  the  seed  is  sown  by  means  of  one  of  the  common  seed  drills, 
of  which  there  are  several  makes  upon  the  market.  The  hand  drills 
which  sow  one  row  at  a  time  are  extensively  employed,  but  many  of 
the  larger  growers  employ  a  gang  of  drills  hitched  together  and  plant 
from  five  to  seven  rows  at  once.  A  more  even  distribution  of  the 
seed  will  be  secured  by  the  use  of  the  single-row  hand  drill  owing  to 
the  closer  attention  that  can  be  given  the  one  machine.  The  first 
row  may  be  planted  with  a  line,  and  after  this  the  marker  on  the  drill 
indicates  the  next  row.  The  drills  are  so  arranged  that  the  shoe  and 
covering  blades  can  be  regulated  to  cover  the  seed  at  the  proper  depth, 
which  will  vary  with  different  soils.  In  heavy  or  moist  soils  the  depth 
to  cover  the  seed  should  not  be  more  than  one-half  to  three-fourths 
inch,  while  on  loose  and  sandy  soils  the  seed  may  be  covered  an  inch 
or  more. 

Planting  distances  and  seed  required  to  plant  an  acre. — Where  hand 
cultivation  is  practiced  throughout,  the  usual  distance  between  rows 
is  12  to  16  inches.  Where  horse  ciilture  is  employed  the  distance 
between  rows  varies  between  24  and  36  inches.  The  quantity  of  seed 
required  to  plant  an  acre  will  depend  both  upon  the  distance  between 
rows  and  the  purpose  for  which  the  onions  are  being  grown.  For 
the  growing  of  standard  market  onions  in  rows  14  inches  apart,  about 
4i  pounds  of  first-class  seed  will  be  required.  With  the  rows  3  feet 
apart,  but  1}  or  1)  pounds  will  be  necessary.  Where  it  is  desired  to 
produce  small  onions  for  pickling  purposes,  the  amount  of  seed  may 
be  as  great  as  25  pounds  to  an  acre.  Grood  seed  is  essential,  and  it 
there  is  any  doubt  regarding  the  vitality  of  the  seed  it  should  be 
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tested  before  planting  by  counting  and  planting  four  or  five  hundred 
seeds  in  a  window  box  and  then  determining  the  germination  by 
counting  the  seedlings  after  ten  days'  or  two  weeks'  time.  First-class 
seed  is  seldom  sold  at  a  low  price  and  good  seed  at  $1.50  or  even  $2.50 
a  pound  may  be  cheaper  in  the  end  than  poor  seed  at  50  cents.  Old 
and  inferior  seeds  are  not  only  low  in  percentage  of  germination^  but 
lack  the  vitality  necessary  to  produce  strong,  healthy  plants.  There 
are  dealers  who  make  a  specialty  of  securing  and  furnishing  extra- 
quality  onion  seed,  and  while  their  prices  are  often  somewhat  above 
the  general  market  the  seed  furnished  by  them  is  always  preferable 
to  ordinary  seed. 

Thinning. — ^Experienced  growers  are  frequently  able  by  using  ex- 
treme care  in  regulating  the  drills  to  distribute  onion  seed  in  rows 
where  the  crop  is  to  mature  so  that  little  thinning  will  be  necessary. 
Thinning  is  generally  left  until  the  time  of  the  first  hand  weeding,  when 
all  thick  bunches  idong  the  rows  are  thinned  to  a  tmiform  stand  of 
eight  or  ten  plants  to  the  foot.  It  is  always  well,  however,  to  allow 
for  considerable  loss  of  plants,  and  imless  the  plants  are  so  thick  as 
to  actually  crowd,  thinning  will  not  be  necessary. 

TransplantiBg  metliod  of  growing  onions. — ^The  transplanting  process, 
often  spoken  of  as  the  "new  onion  culture,"  is  merely  a  modification 
of  the  r^ular  seeding  method.  The  objects  gained  by  transplanting 
are  an  earlier  crop,  a  xmiform  stand,  and  bulbs  of  more  regular  size. 
Practically  the  entire  Bermuda  crop  of  the  Southern  States  is  handled 
in  this  manner.  Where  a  small  area  is  to  be  grown,  the  transplanting 
process  is  the  ideal  method,  but  for  large  acreages  and  where  labor 
is  difficult  to  obtain  this  would  not  be  practical.  After  transplanting, 
ihe  seedlings  will  require  rain  or  watering  in  order  that  they  may 
start,  and  for  this  reason  the  transplanting  process  is  practically 
limited  to  areas  where  some  form  of  irrigation  is  available. 

In  growing  onions  by  the  transplanting  method  the  seed  is  sown 
in  greenhouses,  hotbeds,  cold  frames,  or  specially  prepared  beds  at 
the  rate  of  3}  or  4  pounds  for  each  acre  to  be  planted.  Onion 
seedlings  are  now  being  grown  in  great  quantities  by  southern  plant 
growers  and  are  shipped  to  northern  onion  growers.  When  the 
seedlings  are  grown  under  cover,  they  are  given  the  necessary  atten- 
tftcm  regarding  watering  and  ventilation  and  kept  growing  quite 
r^>idly  until  near  the  time  for  setting  them  in  the  open  ground. 
As  planting  time  approaches,  the  seedlings  are  "hardened''  or  pre- 
pared fcff  transplanting  by  increased  ventilation  and  exposure  and  by 
withholding  water.  When  ready  to  transplant,  the  seedlings  should 
be  somewhat  smaller  tiian  a  lead  pencil  and  rather  stocky.  The  plants 
are  lifted  from  the  seed  bed  and  the  roots  and  tops  both  trimmed 
somewhat,  as  shown  in  figure  4.  They  are  then  packed  neatly  in 
shallow  boxes  for  removal  to  the  field  where  they  are  to  be  planted. 
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Various  methods  are  employed  for  handling  the  plants  in  setting. 
As  a  rule;  a  line  is  used  and  the  land  marked  to  indicate  the  location 
of  rows.  Several  methods  are  employed  for  marking  the  distance 
between  plants  in  the  rows;  one  method  is  by  means  of  a  line  with 
small  lead  or  brass  indicators  at  regular  intervals;  another  method 
is  by  means  of  a  board  having  notches  or  holes  in  which  a  pointed 
dibble  is  thrust  to  form  a  hole  in  which  to  set  the  plant.  A  marking 
device  much  used  by  the  Bermuda-onion  growers  in  Texas  consists 
of  a  sectional  roller  with  the  sections  the  same  distance  apart  as  the 

distance  between  the 
rows  and  each  section 
provided  with  conical 
pins  to  form  the  holes  in 
which  the  plants  areset. 
The  objection  to  the 
sectional  roller  marker 
is  that  it  can  not  easily 
be  drawn  m  a  straight 
line  and  straight  rows 
are  essential  to  good 
cultivation. 

After  marking  the 
land;  the  plants  are 
dropped  ahead  of  the 
planters,  or  they  may 
be  kept  in  the  trays 
and  simply  removed  as 
planted.  The  trans- 
planting process  con- 
sists mainly  in  pushing 
the  root  end  of  the 
seedling  into  the  soil 
with  one  finger  and 
then  firming  the  soil 
about  the  plant.  This  work  is  very  laborious  and  can  only  be  per- 
formed economically  by  very  cheap  labor.  A  small  plow,  such  as 
is  generally  included  with  the  attachments  of  the  wheel  hoe  (fig.  5), 
i3  often  employed  for  opening  a  furrow  in  which  to  set  the  small 
onion  plants.  As  the  plants  are  set  the  soil  is  either  drawn  about 
them  by  hand,  or  the  plow  may  again  be  used  for  this  purpose.  In 
the  Bermuda-onion  district  the  work  of  transplanting  costs  from  $15 
to  $25  an  acre  and  is  performed  by  laborers  who  are  content  with  50 
or  60  cents  a  day,  boarding  themselves.  The  work  of  transplanting 
is  as  a  rule  done  by  contract  at  about  $1.50  for  each  bed  of  one-tenth 
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acre.  In  transplanting,  all  inferior  plants  should  be  rejected,  thus 
insuring  a  more  perfect  stand  and  development. 

Propagation  by  sets. — ^The  use  of  sets  is  still  another  modification  of 
the  regular  seedling  method,  in  which  the  seed  is  planted  one  year  to 
form  the  sets  from  which  to  grow  a  crop  of  mature  onions  the  follow- 
ing year.     Like  the  transplanting  process  the  use  of  sets  is  limited 
in    its    appUcation. 
Onions  grown  from 
sets  will  ripen  earlier 
than     those     from 
seed    sown    in  the 
field,  but  the  use  of 
sets  for  commercial 
onion  growing  is  not 
so  practical  as  trans- 
planting  seedlings. 
In  planting    onion 
sets  a  furrow  about 

2  inches    deep    is 
opened,  the  sets  be-  ^       ^.  ,.     .      . 

,  *        ,  ,       -  Fio.  5.— Wheel  hoe  adapted  to  working  onions. 

ing  dropped  about 

3  inches  apart  and  firmly  covered.  For  best  results  the  sets  should 
be  placed  in  an  upright  position.  The  quantity  of  sets  required 
to  plant  an  acre  will  depend  upon  their  individual  size  and  planting 
distances,  but  it  is  generally  between  15  and  20  bushels. 

HBTHODS  OF  TTLLAGB. 

The  cultural  requirements  of  the  onion  are  frequent  shallow  stir- 
ring of  the  soil  and  freedom  from  weeds.  The  feeding  roots  of  the 
onion  run  close  to  the  surface  of  the  soil  and  should  not  be  disturbed 
by  deep  cultivation.  Sometimes  a  heavy  rain  immediately  after 
seeding  will  so  pack  the  surface  that  the  seedlings  can  not  break 
through.  Under  such  circmnstances  it  will  be  necessary  to  slightly 
break  the  surface  by  means  of  a  steel  rake  or  a  rake-Uke  attachi^^ent 
on  a  cultivator.  As  soon  as  the  plants  are  up  and  the  rows  can  be 
followed  the  cultivator  should  be  started  to  loosen  the  soil,  which  is 
always  more  or  less  compacted  during  seeding. 

Hand  cultivation. — Where  the  rows  are  14  inches  or  less  apart,  the 
work  of  caring  for  the  crop  must  all  be  done  by  hand.  For  this 
purpose  the  wheel-hoe  tools  of  various  types  are  essential.  These 
implements  are  provided  with  several  kinds  of  hoes,  cutters,  and 
sweeps  designed  to  work  the  soil  away  from  the  plants,  to  shave  the 
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surface  and  destroy  weeds,  and  to  stir  the  aoil  and  work  it  back 
around  the  plants.    Onions  grown  on  muck  and  alluvial  soils  will 


Fia.  a.— Sinclal  wheel  btws  lor  cultivating  onbiu. 

require  from  eight  to  fourteen  workings  with  the  wheel-hoe  imple- 
ments; on  sandy  soils  It  will  not  be  necessary  to  cultivate  so  fre- 
quently. 

Several  types  of 
wheel  hoe  are  in 
use,  but  those  hav- 
ing a  single  wheel 
and  passing  be- 
tween the  rows  are 
most  desirable. 
Those  of  the  type 
in  figure  5  are  good . 
Many  growers  have 
designed  special 
implements  to  suit 
the  requirements 
of  their  soils;  two 
of  these  are  8ho^vn 

mfigurefi,  the  one  Fio.7.-aigh«haeitTpeoth...  cfw«it«d.}  ' 

designed  to  cut  the 

soil  away  from  the  row  and  the  other  to  stir  and  work  the  soil  back  to 
the  TOW.    Some  of  the  growers  in  the  onion  fields  near  Chicago  have 
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adopted  a  hoe-stock  consisting  of  a  pair  of  light  plow  handles,  an  iron 
stock,  and  the  front  wheel  of  a  bicycle.  To  the  stockof  this  device  may 
be  attached  almost  any  form  of  sweep  or  cutter,  and  the  implement  is 
exceptionally  easy  to  propel.  The  wide  distance  between  the  handles 
places  the   imple-  .  I 

ment  well  under  the 
control  of  the  oper- 
ator. Figure  7  will 
give  an  idea  of  the 
general  appearance 
of  this  implement. 

H  o  I  s  e  coltiva-  ^«% 
tion. — ^In  sections  lyF 
where    onions     are    ^^ 

.,  ,,      ,  Fio.  8.— Small-tooth  hora«  cull Ivatot. 

grown  on  a  soil  that 

is  not  well  adapted  to  hand  culture  the  rows  are  placed  30  to  36  inches 

apart  and  the  cultivation  is  performed  by  means  of  horse-drawn  tool?. 

This  is  particularly  true  where  onions  are  grown  on  the  ' '  black  waxy  " 
soils  of  Texas  and  other  soils  of  the  prairie 
type.  As  with  hand  culture,  frequent  shal- 
low stirring  of  the  soil  is  essential,  the  work 
generally  being  performed  with  one  of  the 
J^^  harrow-tooth    cultivators.     Those   of    the 

type  shown  in  figure  8  are  well  adapted  to 

no.  {..-onion  hoo.  /ff  1.1  ,      i  - 

this  work.  An  unplement  known  as  a 
weeder  can  be  used  for  breaking  the  surface  before  the  seedlings 
appear;  also  for  general  cultivation  by  removing  a  tooth  at  the 
point  where  the  rows  are  located. 

Hand  weeding. — It  is  well-nigh  impossible  to 
produce  a  crop  of  onions  without  some  hand 
weeding.  During  favorable  seasons  the 
strictly  hand  work  may  be  reduced  to  but 
one  or  two  weedings,  but  a  greater  number 
willbeneccssaryduringrainyseasons.    Each  fio- io.-H«id™der. 

hand  weeding  will  cost  from  $5  to  $12  an  acre,  according  to  wages 
paid  and  the  number  of  weeds  present.  The  work  of  hand  weeding 
may  be  facilitated  by  the  use  of  some  of  the  small  hand  tools  designed 
for  the  purpose.  Among  those  tools  might 
be  mentioned  the  onion  hoc,  figure  9,  the 
hand  weeder,  shown  as  figure  10,  and  the 
thinning  or  weeding  hook,  figure  11.  Giria 
Fw.u.-^rhtaiiingorw«.diDghook.  ^^^  ^^yg  ^^^  g^p^Pt  ^t  hand  weeding,  the 
practice  being  to  work  them  in  gangs  of  ten  to  twenty  with  an  overseer 
behind  them  to  see  that  the  work  is  properly  done.  In  some  localities 
the  wages  paid  for  ihia  class  of  work  are  as  high  as  Sl.50  a  day. 
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IBBIGATION. 

Outside  of  the  areas  where  irrigation  methods  are  depended  upon 
for  the  production  of  general  crops  it  is  not  customary  to  use  artificial 
watering  in  the  growing  of  onions.  la  a  few  cases  the  land  has  been 
equipped  with  an  o-^erhead  sprinkling  system  which  is  employed  to 
moisten  the  soil  after  the  seed  is  planted  and  also  during  extremely 
dry  weather.  On  peat  and  muck  soils  the  young  seedlings  are  fre- 
quently lost  by  the  dry  muck  blowing  with  the  high  winds  of  early 
springtime.  In  this  way  a  part  of  the  field  may  hare  the  soil  blon-n 
off  to  such  an  extent  that  the  plants  will  be  left  without  soil  about 
them,  while  other  portions  of  the  field  will  be  covered  by  I  or  2  inches 


Fra.  13.— IrrlEatlofi  ditdus  In  Benaui^ooltm  tUU  In  Texas. 

of  loose  muck.  The  use  of  a  small  quantity  of  water  sprayed  over  the 
field  will  prevent  this  shifting  of  the  soil  during  a  windstorm,  and 
thus  save  the  crop  from  destruction.  Sandy  soils  arc  also  subject  to 
the  action  of  winds  to  a  greater  or  less  extent,  and  losses  may  be 
prevented  by  the  timely  apphcation  of  water  over  the  surface.  In  a 
few  instances  subirrigation  is  employed  in  the  growing  of  onions. 

TTu^ughout  the  Bermuda  district  of  the  Southwestern  States 
surface  irrigation  is  almost  universally  employed.  The  Bermuda 
onions  are  planted  mostly  in  comparatively  level  beds  with  dividing 
ridges  and  are  flooded  once  each  week  or  ten  days  during  the  growing 
period.    About  a  week  before  the  plants  are  set  the  soil  is  flooded 
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and  thea  worked  over  with  disk  and  smoothing  harrows  just  ahead 
of  the  planters.  Within  a  day  or  two  after  planting  the  land  is  again 
flooded  and  the  surface  water  drawn  off;  this  process  is  repeated, 
with  alternate  cultivations,  as  often  as  the  land  becomes  dry. 
Toward  the  end  of  the  growing  season  the  water  is  withheld  to  allow 
the  bulbs  to  ripen.  As  a  rule  about  ten  waterings  in  all  are  required, 
at  a  cost  of  about  (1.60  an  acre  for  each  watering,  or  $15  altogether. 
Figures  12  and  13  will  give  a  good  idea  of  the  methods  of  applying 
the  water  in  the  Bermudo-onion-growing  district. 

In  the  principal  Bermuda-onion-growing  districts  the  water  for 
irr^tion  purposes  is  obtained  only  after  the  expenditure  of  thou- 


Ils.  13.— imsation  at  Bermuda  onioni  In  Taias. 

sands  of  dollars  for  pipe  lines  and  pumping  machinery,  and  the  cost  ot 
-watering  as  given  above  does  not  include  any  share  of  the  origina} 
cost  for  installation. 

HABVxsTiKa  Aim  omtiNa. 

In  the  northern  onion  districts  the  crop  ripens  and  is  harvested 
during  the  latter  part  of  the  summer  and  early  autumn.  As  a  rule  the 
-work  of  harvesting  onions  begins  late  in  July  and  is  practically  com- 
pleted and  the  crop  housed  before  October  first.  In  the  Southern 
States,  where  the  crop  is  grown  during  the  winter,  the  harvesting 
and  marketing  period  ia  during  the  spring  months  and  is  practically 
aided  before  the  northern  product  comes  upon  the  market. 
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Condition  of  bulbs  when  ready  to  harvest. — ^In  the  North  the  bulba  are 
allowed  to  become  as  ripe  aa  possible  before  remoTing  them  from  the 
soil.  Growers  prefer  that  the  tops  ripen  down  and  shrivel  and  that 
the  outer  skin  of  the  bulbs  be  dry  before  they  are  pulled.  Figure  14 
shows  a  field  of  onions  in  prime  condition  for  gathering.  To  the 
southward,  where  the  onions  are  not  cured  so  thoroughly,  they  are 
often  pulled  about  the  time  that  the  tops  begin  to  break  and  fall. 
The  ripening  process  may  often  be  hastened  by  rolling  a  very  light 
roller  or  a  barrel  over  the  tops  to  break  them  down.  This  proce^ 
is  frequently  spoken  of  as  "barreling." 

Hetbods  oi  handling  tbe  bulbs. — Where  the  bulbs  are  practically  upon 
the  surface  they  may  be  pulled  by  hand  and  thrown  in  windrows 


Tm.  14.— Field  of  Dillons  In  condltEoQ  lot  gstberlng. 

consisting  of  eight  or  ten  onion  rows.  If  the  onion  bulbs  are  con- 
siderably covered  with  soil  it  will  be  necessary  to  employ  a  one- 
horse  plow  or  a  cultivator  with  a  sweep  attached  for  lifting  them. 
In  any  case  it  will  be  necessary  to  gather  them  from  the  soil  by 
hand.  After  lying  in  the  windrows  for  several  days  and  being  stirred 
occasionally  with  wooden  rakes  they  are  gone  over  and  the  tops 
removed  either  by  twisting  or  cutting  with  ordinary  sheep  shears.  In 
cases  where  very  bright  color  is  important,  as  with  fancy  White 
Globe  onions,  and  this  would  be  injured  by  exposure  to  the  sun  and 
rain,  the  bulbs  are  cured  in  long,  narrow,  low  ricks  formed  by  two 


ONION  CULTUBE.  H 

rows  of  onions  laid  with  the  bulbs  r^ularly  to  the  center,  tops  to 
the  outside,  the  rows  a  few  inches  apart  at  the  bottom  of  the  rick 
but  coming  together  &ti  the  top,  and  the  top  of  the  rick  covered 
bj  straw  or  boards  to  shed  the  rain.  As  the  tops  are  removed  the 
bulbs  are  generally  placed  in  crates  for  drying.  In  some  sections 
onion-topping  machines  are  employed,  the  bulbs  being  hauled  from 
the  field  to  a  central  location  and  run  through  the  topper.  These 
machines  remove  the  tops,  grade  the  bulbs,  and  deliver  them  into 
the  crates  or  bags.  If  crates  are  not  employed  for  curing,  the  bulbs 
are  allowed  to  lie  in  the  windrows  for  some  time,  and  are  then  either 
put  into  sacks  or  hauled  to  slat  cribs,  where  they  complete  the  curing 
process.    Too  long  exposure  to  hot  sunshine  will  injure  the  bulbs. 


Fk.  U.—Onians  drying  In  wIndiovB,  sluwlDg  ci«l«g  u»d  for  curing  and  gtoilDg. 

Figure  15  shows  a  field  of  onions  drying  in  windrows,  with  crates 
ready  for  their  removal  from  the  field. 

After  gathering  into  crates  the  crates  are  either  stacked  in  the 
field,  hauled  to  a  central  stacking  yard,  where  the  stacks  of  crates  are 
covered  with  boards  or  canvas,  or  hauled  to  open  sheds  and  there 
piled  one  upon  the  other  with  numerous  air  spaces  until  the  onions 
are  thoroughly  cured. 

Wliere  the  bulbs  are  e:xtremely  dry  at  the  time  of  their  removal 
from  the  soil,  they  may  be  allowed  to  lie  in  the  windrows  for  a  few 
days  only,  and  then  sorted  and  cleaned  in  the  field  ready  for  packing 
and  marketing.  Where  onions  are  put  into  sacks  and  afterwards 
allowed  to  remain  in  the  field,  the  sacks  should  be  supported  on 
poles  laid  upon  the  ground,  as  ^own  in  figure  16. 
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In  the  Beimuda-oiuon  districts,  where  very  little  attentioQ  is  givea 
to  the  curing  of  the  crop,  it  is  the  practice  to  pack  and  load  into  the 
cars  aa  soon  as  possible  after  pulling  and  topping.  When  the  shipping 
is  at  its  height,  it  is  not  uncommon  for  onions  that  are  puUed  ham 
the  soil  in  the  morning  to  be  in  the  cars  and  on  their  way  to  market 
by  evening;  however,  a  portion  of  the  crop  is  given  a  more  thorough 
curing  process,  and  the  entire  crop  would  be  benefited  by  at  least 
two  days  of  curing  before  shipment. 


Fia.  le.— H^hod  or  curing  onlona  In  racks  lUndlDg  lit  Sold. 
STOBAaE. 

In  order  that  onions  should  keep  well  when  stored  they  must  be 
well  ripened  and  thoroughly  cured.  Those  that  are  immature,  soft, 
or  "thick  necks"  should  never  be  placed  in  storage  but  sold  as  soon  as 
gathered  for  whatever  price  they  will  bring.  Good  storage  onions 
will  rattle  almost  like  blocks  of  wood  when  poured  from  one  crate  to 
another.  In  order  that  the  bulba  may  remain  bright  and  of  attractive 
appearance  they  should  not  be  allowed  to  lie  exposed  to  the  weather, 
but  should  be  hauled  and  stored  in  open  sheds  just  as  soon  as  they  may 
safely  be  placed  in  one-bushel  crates. 

After  the  bulbs  have  remained  in  drying  sheds  or  cribs  for  several 
weeks  they  will  be  ready  for  screening  and  removal  to  the  storehouse. 
In  handling  onions  it  is  the  rule  to  pass  them  over  a  screen  each  time 
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they  are  moved,  aa  in  this  way  the  loose  skins  are  removed  and  any 
soft  or  decaying  bulbs  may  be  sorted  out.  'When  bags  are  used  for 
drying  in  the  field,  the  onions  are  screened  in  the  manner  shown  in 
figure  17,  and  the  bags  refilled  for  hauling  to  the  storage  house. 

In  screening,  the  onions  are  placed  on  one  end  of  the  screen  while 
the  men  stand  alongside  and  stir  the  bulbs  about  with  their  hands, 
passing  them  along  to  the  opposite  end,  where  the  bags  are  filled. 

Ccmditioiui  reqnired  in  storage. — ^The  essentials  for  the  successful 
storage  of  onions  are  plenty  of  ventilation,  storing  in  small  quantities 
a  comparatively  low  temperature,  dryness,  and  safety  from  actual 


Fn.  IT.-^Ondlng  onloni  In  the  lUd  by  umbju  of  a  scnwi. 

freezing.  Any  building  wherein  the  above  conditions  may  be 
secured  will  answer,  but  houses  of  the  type  shown  in  figure  18,  which 
are  built  especially  for  the  piupose,  are  most  satisfactory. 

The  construction  of  the  stor^e  house  should  be  double  throughout, 
with  plenty  of  felt  or  paper  lining.  Both  top  and  bottom  ventilation 
should  be  provided  and  the  ventilator  openings  should  have  doors 
that  may  be  closed  to  control  the  temperature.  The  floors  are  con- 
structed of  narrow  planks  with  half-inch  spaces  between  the  planks 
for  the  passage  of  air.  Bottom  ventilation  is  frequently  secured  by 
means  of  drain  pipes  built  into  the  foundation  at  the  surface  of  the 
ground.    These  pipes  are  carried  some  distance  toward  the  center 
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of  the  house  and  discharge  the  cool  air  at  a  point  where  it  is  most 
needed. 

The  temperature  of  the  storage  house  should  be  carried  as  Iow<  as 
possible  without  actual  freezing.  During  extremely  cold  weather 
the  ventilator  openings  and  doors  should  be  kept  closed  to  keep  out 
cold,  and  after  the  onions  have  become  thoroughly  chilled  the  house 
should  be  kept  closed  in  order  to  hold  the  temperature  down  and 
prevent  the  entrance  of  moisture  during  warm  or  rainy  periods. 
Damp,  fo^y  weather  is  injurious  to  onions,  especially  if  it  follows  a 
period  of  cold,  and  will  cause  the  bulbs  to  become  covered  with 
moisture  if  the  outside  air  is  admitted.    A  httle  artificial  heat  from  a 
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stove  or  radiator  may  be  required  during  excessively  cold  weather, 
but  so  long  as  the  temperature  in  the  house  does  not  fall  below  30°  F. 
there  will  be  no  danger  of  injury.  A  temperature  of  32°  to  34"  will 
give  good  results. 

Kethods  of  storing. — The  best  method  of  storing  onions  is  in  standard 
size  slat  crates  20  inches  long,  16  inches  wide,  and  14  inches  deep, 
outside  measurements.  The  material  for  the  sides  and  bottom  is 
about  I  inch  thick  and  2}  inches  wide,  four  pieces  being  used  to  form 
a  side.  The  comers  are  reinforced  on  the  inside  by  means  of  three- 
cornered  pieces  of  oak,  to  which  the  slats  are  nailed.  These  dimen- 
sions provide  crates  that  are  interchangeable,  the  width  of  five  being 
equal  to  the  length  of  four.    These  crates  will  also  nest  tc^ther 
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when  empty,  with  one  inside  of  two  turned  together.  The  full 
crates  are  stacked  in  the  storehouse  with  1  by  3  inch  strips  between 
them  to  allow  for  the  circulation  of  air,  as  shown  in  figure  19. 

Onions  are  sometimes  stored  in  slat  bins  holding  100  to  300  bushels 
each.  Bags  are  also  used  to  some  extent,  but  neither  bags  nor 
bins  are  as  satisfactory  as  the  crates,  owing  to  the  difficulty  in  pro- 
viding the  necessary  ventilation  and  change  of  air  throiigh  the 
onions.    Bulbs  stored  in  bags  or  bins  must  be  more  thoroughly  cured 


Pig.  19.— Inside  o(  itorage  boaae,  showing  melbod  o(  stocking  crates. 

than  those  stored  in  crates.  There  are  singlo  largo  storehouses  in 
use  that  will  accommodate  50,000  to  60,000  bushels  of  onions  when 
stored  in  crates. 


Lai^e  quantities  of  onions  are  sold  and  shipped  direct  from  the 
fields  where  they  are  grown.  A  part  of  the  crop  is  held  in  temporary 
storage  until  late  autumn  or  early  winter.  During  recent  years  the 
winter  storage  of  onions  has  become  of  great  importance  and  the 
finest  stock  is  held  for  late  wmter  dehveries.  The  Bermuda  crop 
from  the  southwestern  part  of  the  country  comes  upon  the  market 
during  AprU  and  May,  so  that  most  of  the  storage  onions  are  dis- 
posed of  before  that  time. 
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Grading. — ^In  marketing  onions  the  first  essential  is  to  properly  grade 
and  clean  the  bulbs,  in  order  that  they  may  present  an  attractive 
appearance  when  offered  for  sale.  Ordinarily  the  bulbs  are  separ 
rated  into  three  grades — primes,  seconds,  and  "picklers."  The 
primes  include  all  those  of  1 }  inches  in  diameter  and  larger,  and  the 
seconds  consist  of  those  from  f  inch  to  1 }  inches  in  diameter,  while 
all  those  that  will  pass  through  a  |-inch  screen  are  sold  for  pickling 
putposes.  The  grading  is  generally  done  in  the  field  during  the 
cleaning  process,  but  as  onions  shrink  considerably  while  in  storage 
it  is  necessary  to  regrade  before  placing  upon  the  market.  The 
type  of  screen  used  for  grading  onions  is  shown  in  figure  20.     For 
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cleaning  the  pickling  onions  an  ordinary  fanning  mill  is  employed, 
special  screens  being  provided  for  the  purpose. 

Shipping  packages. — Onions  are  placed  upon  the  market  in  crates, 
bags,  barrels,  Delaware  baskets,  one-half  barrel  baskets,  and  in  bulk. 
The  folding  crate,  shown  in  the  foreground  of  figure  20,  is  undoubt- 
edly the  most  attractive  package  in  use  for  marketing  onions.  The 
bags  employed  are  of  special  open-mesh  weave  and  hold  100  pounds. 
Onions  are  sometimes  shipped  loosely  in  cars  and  shoveled  into  bar- 
rels or  bags  at  their  destination. 
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of  onions. — The  legal  weight  of  onions  per  bushel  varies 
somewhat  in  different  States,  but  56  pounds  of  dry  onions  are  gen- 
erally considered  a  standard  bushel. 

IMPORTANT  OOMMBROIAL  VABIBTIB8  OF  ONIONS. 

Common  market  yarieties. — The  varieties  of  onions  that  have  dis- 
tinctively yellow,  white,  and  red  skins  and  are  of  the  globular  type  are 
of  greatest  commercial  importance.  Among  the  varieties  that  belong 
to  the  yellow  globe  class  are  the  Prizetaker,  Yellow  Danvers,  Yellow 
Globe  Danvers,  Southport  Yellow  Globe,  and  Ohio  Yellow  Globe. 
The  principal  white  varieties  are  Southport  White  Globe,  New  Queen, 
Italian  Tripoli,  Silver  Skin,  and  White  Silver  King.  Among  the 
more  important  red  sorts  are  Red  Globe,  Red  Wethersfield,  and 
Australian  Brown. 

The  principal  Bermuda  varieties  are  Red  Bermuda,  White  Bermuda, 
and  Crystal  Wax.  The  Bermuda  onions  are  all  of  the  more  or  less 
flat  type.  The  red  coloration  of  the  Bermuda  onion  is  not  distinctive 
like  that  of  the  Red  Wethersfield  or  Red  Globe  varieties,  but  is 
lighter  in  color.  The  famous  Valencia  onion  is  of  the  Prizetaker 
type,  is  light  yellow  in  color,  grows  to  a  large  size,  and  is  mild  in 
flavor. 

In  the  selection  of  varieties  for  any  particular  locality  the  soU  con- 
ditions and  market  requirements  should  both  be  considered.  Those 
adapted  to  the  muck  soils  are  the  yellow  and  red  sorts.  For  alluvial 
and  prairie  soils  the  red  and  brown  varieties  are  to  be  preferred, 
while  all  kinds  do  well  on  the  sandy  loams  and  light  soils.  A  cleaner, 
better  grade  of  white  onions  can  generally  be  produced  on  light  or 
sandy  soils  than  on  muck  or  clay  loams.  Those  of  the  Bermuda, 
Spaidsh,  and  Egyptian  types  flourish  on  the  deep,  rich  alluvial  soils 
of  the  river  bottoms  and  delta  regions. 

Certain  of  our  markets  show  a  decided  preference  for  onions  be- 
longing to  a  particular  type.  The  red  and  brown  varieties  find 
ready  sale  on  the  markets  of  the  Middle  West,  while  onions  of  the 
yellow  and  .white  varieties  are  preferred  in  the  eastern  cities.  Onions 
will  withstand  long-distance  shipment,  those  of  the  Red  Globe  type 
being  generally  more  subject  to  injiuy  than  the  yellow  and  brown 
sorts.  Some  of  the  white  varieties  also  have  a  thin  skin  and  are  easily 
injured.  It  should  be  the  aim  of  every  grower  to  employ  varieties 
that  will  withstand  handling  and  at  the  same  time  find  ready  sale  on 
the  market. 

Other  tjrpes  of  onions. — ^Among  the  types  not  aheady  discussed  are 
top  onions,  multipUers,  garUc,  and  leeks,  which  are  planted  to  some 
extent  for  marketing  purposes. 
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The  top  or  tree  onion,  which  reproduces  by  means  of  small  bulb- 
lets  formed  on  the  top  of  a  seed  stalk,  is  extensively  used  in  the  pro- 
duction of  early  spring  bunching  onions. 

The  multiplier  or  potato  onion  reproduces  by  a  division  of  the 
bulbs.  In  growing  this  variety  it  is  necessary  to  plant  large  bulbs 
to  produce  sets  for  the  next  year's  planting  and  small  bulbs  or  sets  for 
the  crop  of  large  onions.  The  bulbs  of  this  variety  may  remain  in  the 
soil  year  after  year  and  are  desirable  for  use  early  in  the  springtime. 

Garlic  is  closely  aUied  to  the  onion,  but  will  remain  in  the  ground 
from  one  year  to  another  if  imdisturbed.  GarUc  is  planted  by  setting 
the  small  bulbs,  or  cloves,  in  either  the  autumn  or  early  spring.  The 
culture  is  practically  the  same  as  for  the  onion. 

The  leek  also  belongs  to  the  same  class  as  does  the  onion,  but  re- 
quires somewhat  different  treatment.  The  seed  is  usually  sown  in 
a  trench  and  the  plants  thinned  to  about  4  inches  in  the  row.  The 
plants  of  the  leek  are  given  about  the  same  cultivation  as  onions, 
except  that  after  they  have  attained  almost  full  size  the  soil  is  drawn 
around  them  to  a  height  of  6  or  8  inches  to  blanch  the  fleshy  stem. 
The  leek  does  not  form  a  true  bulb  like  the  onion,  but  the  stem  is 
imiformly  thick  throughout.  Leeks  are  marketed  in  bunches,  like 
yoimg  onions,  and  they  may  be  stored  in  cellars  for  winter  use. 

THE  PEODVCTIOir  OF  BEBHUDA  OinOITS. 

Bermuda  onions  are  now  an  important  commercial  crop  in  Texas, 
California,  and  Louisiana,  with  small  plantings  in  a  number  of  the 
Southern  States.  The  Bermuda  onion  fields  of  Texas  are  located 
around  Laredo  and  other  points  in  the  Rio  Grande  valley.  In  1926 
Texas  shipped  4,032  carloads  from  12,510  acres,  California  1,790  car- 
loads from  2,750  acres,  and  Louisiana  588  carloads  from  2,300  acres. 

SOILS  AND  CLUCATB  ADAPTED  TO  THE  BEBMUDA  ONION. 

Soils  of  a  silty  or  alluvial  nature  are  suited  to  the  production  of 
Bermuda  onions,  and  those  containing  considerable  sand  are  most 
desirable.  As  already  noted  in  referring  to  fertilizers  for  onions,  the 
Bermuda  requires  a  very  rich  soil  for  the  best  results,  and  this  can  only 
be  obtained  by  first  selecting  a  good  soil  and  then  manuring  heavily. 
The  Bermuda  onion  as  grown  in  this  country  is  a  winter  crop;  there- 
fore, mild  climatic  conditions  are  required.  While  the  plants  would 
withstand  considerable  freezing,  their  growth  is  seriously  checked  by 
cold  weather,  and  the  crop  will  not  mature  in  time  for  the  early 
market  if  grown  to  the  northward. 

864 
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OUI/nTRAL  XBTHODB. 

The  cultural  methods  employed  in  the  growing  of  Bermuda  onions 
are  essentially  the  same  as  those  for  ordinary  onions.  As  the  greater 
portion  of  the  crop  is  grown  in  a  region  which  has  no  regular  rainfall, 
irrigation  methods  are  employed  almost  uniTersally.  The  greater 
part  of  the  crop  is  grown  by  the  transplanting  process  and  a  great 
amount  of  hand  labor  is  required.  The  seeds  are  sown  in  specially 
prepared  outdoor  beds  from  the  middle  of  September  to  the  middle 
of  October,  and  the  seedlings  are  transplanted  to  the  field  November 
20  to  January  10,  or  even  later.  Three  and  one-half  to  four  and  one- 
half  pounds  of  seed  are  required  for  each  acre  to  be  planted;  this  will 
aUow  for  discarding  all  the  weaker  plants.  The  plants  are  allowed 
to  remain  in  the  seed  bed  imtil  they  are  from  -^  to  }  inch  in  diameter 
before  they  are  transplanted.  As  the  seedlings  are  lifted  the  greater 
portion  of  both  the  small  roots  and  the  tops  is  trimmed  off  in  order 
that  they  may  be  transplanted  more  readily.     (See  fig.  4.) 

HABVBSTINO  AND  KABKBTINO. 

Bermuda  onions  are  harvested  as  early  as  possible,  generally  before 
the  tops  have  become  fully  ripened.  For  removing  the  bulbs  from 
the  ground  a  1-horse  plow,  a  potato  digger,  or  a  cultivator  with  a 
cutter  wing  attached  is  employed.  The  bulbs  are  then  separated 
from  the  soil  by  hand,  the  tops  cut  off  with  shears,  and  the  onions 
dux)wn  in  windrows  or  piles  to  dry  in  practically  the  same  manner 
S8  for  the  regular-crop  onions  in  the  North.  After  the  bulbs  have 
become  thoroughly  dry  on  the  surface  they  are  either  placed  directly 
in  the  crates  for  shipment  or  are  carried  to  a  packing  shed  to  be 
graded  and  packed  for  market. 

During  the  early  days  of  the  Bermuda-onion  indxistry  the  crop 
was  shipped  largely  in  bags,  but  it  was  soon  found  that  the  bulbs 
were  too  perishable  for  this  method  of  handling.  At  present  the 
greater  portion  of  the  crop  is  sent  to  market  in  folding  slat  crates 
that  are  about  20  inches  long,  12  inches  wide,  and  12  inches  high. 

These  crates  hold  approximately  50  pounds  of  onions  and  weigh 
56  or  57  pounds  when  filled.  The  cost  of  these  crates  is  about  $18 
a  hundred,  but  they  add  Plough  to  the  attractiveness  and  carrying 
qualities  of  the  onions  to  make  their  use  profitable. 

YIBIJ>  OF  BBBaCUDA  ONIONS  AND  PBIOBS  OBTAINED. 

Phenomenal  yields  of  34,000  and  35,000  pounds  of  Bermuda 
onions  are  frequent^  made  on  an  acre  of  land,  but  this  is  far  above 
the  general  average,  which  is  in  the  neighborhood  of  10,000  or  12,000 
pounds  to  the  aore.    Many  fields,  especially  when  planted  for  the 
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first  time,  do  not  yield  as  much  as  10,000  pomids  to  the  acre.  On 
land  that  has  been  heavily  manured  and  planted  to  onions  for 
several  years  the  yield  averages  about  16,000  pounds. 

The  prices  paid  the  growers  vary  according  to  the  market  and 
condition  of  the  crop,  but  are  generally  about  $1.60  a  hundredweight, 
the  buyer  furnishing  the  crates  and  loading  the  cars.  With  a  nor- 
mal jdeld  of  16,000  pounds  the  returns  would  at  this  rate  be  about 
$250  an  acre. 

In  figuring  cost  of  production  the  following  items  should  be 
included:  Interest  on  investment  in  land  and  equipment;  deprecia- 
tion of  equipment;  preparation  of  land;  manure  and  fertilizers;  cost 
of  seed;  cost  of  growing  the  plants;  transplanting  from  plant  bed  to 
field;  cultivation  and  hand  weeding;  irrigation;  harvesting,  drying, 
and  preparing  onions  for  market. 

The  best  Bermuda-onion  farms  are  valued  at  $300  to  $500  an  acre. 
In  order  to  prove  profitable,  the  growing  of  Bermuda  onions  should 
be  conducted  on  a  comparatively  large  scale.  The  necessary  land 
and  irrigation  facilities  will  require  the  initial  outlay  of  from  $10,000 
to  $30,000,  and  the  running  expenses  are  quite  heavy.  Labor  can 
be  secured  at  a  low  price,  but  is  correspondingly  inefficient  and  often 
not  to  be  had  in  sufficient  quantities.  Fiu*thennore,  the  markets 
are  now  pretty  well  supplied  with  Bermuda  onions,  and  persons  who 
desire  to  engage  in  their  production  are  advised  to  investigate  every 
phase  of  the  indxistry  before  embarking  too  heavily  in  it.  The 
expansion  of  the  Bermuda-onion  industry  is  limited  by  the  facts 
that  a  large  supply  of  bulbs  can  be  grown  on  a  comparatively  small 
area,  that  the  distance  to  market  is  great,  that  the  product  is  perish- 
able, and  that  the  markets  will  consume  only  a  limited  quantity  at 
the  prices  at  which  the  crop  can  be  sold  with  profit. 
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Another  phase  of  onion  culture  that  is  of  considerable  importance 
in  certain  locaUties  is  the  production  of  young  bunching  onions  for 
the  early  spring  trade.  In  several  sections  along  the  South  Atlantic 
coast  the  growing  of  this  class  of  onions  is  quite  an  enterprise.  Many 
persons  who  are  engaged  in  other  lines  of  work  foUow  the  practice 
of  growing  a  small  area  of  bimching  onions  as  a  side  issue. 

TYPE  OF  ONIONS  EMPLOYED. 

The  varieties  known  as  multipUers  and  top  onions  are  generally 
employed  for  this  purpose;  however,  bimching  onions  are  sometimes 
grown  from  ordinary  sets,  from  inferior  and  damaged  lai^  onions, 
and  from  seed.  The  multipUers  and  top  onions  are  the  only  kinds 
adapted  for  this  work  on  a  large  scale. 
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CUI^UBAL  METHODS. 

For  growing  bunching  onions  the  bulbs  or  sets  are  planted  during 
the  autumn  either  in  beds  or  in  rows  12  or  14  inches  apart  with  the 
bulbs  quite  dose  in  the  rows.  The  bulbs  will  start  growing  within 
a  short  time  and  make  more  or  less  growth  during  the  winter.  As 
soon  as  the  weather  becomes  warm  during  the  first  months  of  spring 
the  onions  make  a  rapid  growth  and  are  ready  for  marketing  about 
the  time  peach  trees  begin  to  bloom. 

The  land  upon  which  these  onions  are  grown  should  be  rich  and 
mellow,  but  very  little  actual  cultivation  wiD  be  required.  Where 
the  winters  are  severe  it  may  be  necessaiy  to  provide  slight  protec- 
tion, either  a  little  straw,  loose  manure,  leaves,  pine  straw,  or  com 
fodder  that  has  been  run  through  a  shredder.  If  the  onion  beds  are 
protected  on  the  exposed  sides  by  means  of  a  wind-break  consisting 
of  a  grove  of  pines,  a  fence  of  boards,  pine  boughs,  or  com  fodder, 
the  crop  will  be  ready  for  marketing  a  little  earlier  than  if  left  exposed. 
The  onions  not  gathered  for  marketing  are  allowed  to  remain  to  form 
the  bulbs  for  planting  the  following  season. 

HABKBTIKO. 

In  marketing  this  class  of  onions  the  young  shoots  are  pulled,  the 
roots  trimmed,  and  the  outside  peeled  off,  leaving  the  stem  white 
and  clean.  The  onions  are  then  tied  in  small  bimches  by  means  of 
a  soft  white  string,  the  tops  trimmed  slightly,  and  the  bunches 
packed  in  crates  or  baskets  for  shipment  or  sale  on  the  local  market. 
This  phase  of  the  onion  industry  is  limited  to  small  plantings  and  is 
well  suited  to  the  needs  of  the  general  market  garden. 

During  the  springtime  and  early  sunmier  large  quantities  of  ordi- 
nary young  onions  are  pulled  when  the  bulb  is  about  the  size  of  a 
fifty-cent  piece,  the  roots  and  tops  are  trimmed,  and  they  are  then 
bunched  and  sold  for  stewing  piurposes.  So  far  as  known,  this  class 
of  onions  is  not  shipped  to  any  great  extent,  but  is  sold  mainly  on 
local  markets. 

EHEMIES  OF  THE  OinOIT. 

The  onion  crop  of  the  United  States  is  by  no  means  free  from  both 
disease  and  insect  enemies.  For  information  regarding  them  and 
measures  of  control,  the  reader  is  referred  to  the  following  publica- 
tions which  may  be  obtained  on  application  to  the  United  States 
Department  of  Agriculture,  Washington,  D.  C: 

Farmers'  Bulletin  1060,  Onion  Diseases  and  Their  Control. 

Farmers'  Bulletin  1371,  Diseases  and  Insects  of  Garden  Vegetables. 
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SXJKHABT. 

Onions  are  one  of  the  most  common  garden  crops  and  are  adapted 
for  planting  imder  a  wide  range  of  soil  and  climatic  conditions.  The 
intensive  type  of  culture  employed  in  producing  onions  makes  the 
crop  one  of  the  best  for  growing  in  small  patches  and  in  home  gardens. 

Commercial  onion  culture  is  also  profitable  on  a  large  scale  where 
soil,  climatic,  and  marketing  conditions  are  suitable.  Many  of  the 
large  muck-soil  deposits  of  the  Northeastern  States,  especially  in 
the  r^on  adjacent  to  the  Great  Lakes,  are  well  adapted  for  the 
commercial  growing  of  onions.  The  loamy  soils  of  the  Connecticut 
River  valley  are  also  well  s^ted  for  growing  the  crop. 

Owing  to  variations  in  the  cost  of  labor,  tools,  fertilizers,  seed, 
and  other  materials  and  the  many  factors  involved  in  the  production 
of  an  onion  crop  it  is  impossible  to  give  definite  cost  and  profit 
figures.  The  average  yield  of  onions  is  around  290  bushels  to  the 
acre,  but  yields  of  400  to  600  bushels  are  not  uncommon.  The 
price  of  onions  is  extremely  variable  one  year  with  another,  but 
on  the  whole  the  crop  has  proved  profitable  to  the  growers  when 
taken  on  an  average  for  a  period  of  years. 

In  some  sections  onions  are  grown  in  rows  3  feet  apart  and  given 
horse  cultivation,  thus  reducing  the  yield  to  about  150  bushels  on 
an  acre  and  cutting  down  production  costs  in  proportion.  This 
method  of  growing  onions  is  especially  adapted  for  use  on  low-priced 
land  and  where  hand  labor  is  scarce. 

PRESENT  RELATION  BETWEEN  SUPPLY  AND  DEKAND. 

Both  the  supply' and  the  demand  for  onions  are  increasing  and  at 
present  bear  about  an  equal  relation  to  each  other.  Some  years  the 
supply  falls  a  little  short  and  the  prices  go  somewhat  higher,  with  the 
result  that  larger  quantities  are  imported.  The  following  season  the 
plantings  are  generally  heavier,  the  market  may  be  a  Httle  slow,  and 
the  result  will  be  low  prices  and  a  great  many  people  will  discon- 
tinue the  growing  of  onions. 

Prices  of  onions,  especially  the  Texas-grown  Bermuda  onions,  are 
greatly  influenced  by  importations  of  Egyptian  onions  which  appear 
on  our  markets  about  the  same  time  of  the  year  that  the  Bermuda 
onions  are  being  marketed.    The  ease  with  which  both  the  Egyptian 
and  the  Spanish  onions  can  be  delivered  to  our  eastern  markets  as 
compared  with  the  long  freight  haul  from  southwestern  Texas  or 
Pacific  Coast  States  renders  the  position  of  the  American  Bermuda 
onion  grower  more  or  less  hazardous.    Despite  this  condition,  how- 
ever, both  the  Bermuda  and  the  Spanish  onion  industries  have  become 
well  established  in  the  United  States.    The  American  grower    of 
Bermuda  onions  is  still  dependent  upon  the  Teneriffe  Islands  for  his 
seed  supply.    In  the  case  of  the  Valencia  or  Spanish  onitHi,  a  part  of 
the  crop  is  grown  from  imported  seed,  but  American  seedsmen  are 
now  providing  the  remainder  of  the  seed  supply. 
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THE  ONION,  in  one  or  more  of  its  several  forms, 
has  been  in  use  throughout  all  time  of  which  we 
have  authentic  history.  It  is  of  Old  World  origin, 
but  was  brought  to  North  America  by  the  early  dis- 
coverers and  colonists.  The  onion  is  grown  univer- 
sally in  home  gardens  and  is  one  of  our  important 
market-garden  and  truck  crops.  It  is  adapted  for 
growing  on  a  wide  range  of  soil  types  and  under 
varying  climatic  conditions,  but  requires  a  rich  soil 
and  plenty  of  moisture. 

Onions  are  an  intensive  crop,  their  production 
involving  considerable  hand  labor,  but  jdelding  a 
relatively  high  return  per  acre.  Prices  received  by 
the  growers  vary  considerably  from  one  year  to 
another,  but  the  production  of  onions  in  the  United 
States  is  fairly  well  stabilized  and  adjusted  to  mar- 
ket demands. 

Recently  there  has  been  developed  in  several  of 
the  Western  States  a  specialized  industry  in  the  pro- 
duction of  the  Valencia  onion.  The  Bermuda-onion 
industry  of  southern  Texas  and  California  has  been 
expanded  and  extended  to  several  other  sections. 

The  production  and  shipment  of  large  numbers  of 
early  seedling  onion  plants  by  southern  plant  growers 
has  to  a  certain  degree  replaced  the  use  of  onion 
sets  for  planting  in  home  gardens  and  for  a  portion 
of  the  northern  early  market  crop. 


wa^ogton.  D.  c.  fe;;sid^r,i[iri9T 


n 


ONION  CULTURE 


\ 


By  W.  R.  Bbattie.  Senior  Horticulturist,  Office  of  Horticultural  Crops  and 

Diseases,  Bureau  of  Plant  Industry 


CONTENTS 


Page 

Introdaction 1 

Climatie  reqairements 2 

Sofls  adapted  to  onion  colture 3 

Cultaral  methods 4 

Preparation  of  new  land 4 

Crop  rotation. 4 

Preparation  of  the  sofl 6 

Fertilizers « 

Planting 8 

Cultivation 11 

Irrigation '. 13 

Hanresting  and  coring 14 

Storage 17 

Marketing 20 


Page 

Commercial  varieties 21 

Production  of  Bermuda  onions 22 

Soils  and  climate  adapted  to  tbe  Bermuda 

onion 22 

Cultural  methods 23 

Harvesting  and  marketing 23 

Yield  of  Bomuda  onicHis  and  prices  ob- 
tained   23 

Oreen  onions  for  bunching 24 

Cultural  methods 24 

Marketing -  24 

Diseases  of  tbe  onion. 25 

Onion  insects. 25 

Present  status  of  the  onion  industry 26 


INTRODUCTION 

THE  ONION  is  one  of  the  important  market-garden  and  truck 
crops  in  the  United  States  ana  is  very  generally  grown  in  home 
gardens.  It  thrives  best  on  alluvial  and  drained  muck  soils  imder  a 
temperate  climate,  but  may  be  grown  under  a  very  wide  range  of 
soil  and  climatic  conditions.  Onions  are  ^own  to  perfection  on 
the  alluvial  soils  of  the  Nile  River  Valley  m  Egypt,  under  the  sea 
breezes  of  the  South  Sea  Islands,  on  the  delta  lands  along  the  sea- 
coast,  on  sandy  uplands,  in  the  arid  regions  under  irrigation,  and 
on  reclaimed  swamp  lands.  There  is  perhaps  no  extensive  area  in 
the  United  States  or  its  possessions  where  the  onion,  in  one  or  more 
of  its  forms,  can  not  be  successfully  grown,  at  least  for  home  and 
local  use. 

The  onion  is  of  Old  World  origin  and  has  been  used  as  a  food  plant 
from  the  earliest  historic  times.  It  was  an  important  article  oi  diet 
in  Egypt  at  the  time  of  the  building  of  the  pvramids,  and  Moses, 
in  his  account  of  the  exodus  of  the  Children  of  Israel  from  Egypt, 
mentions  it  as  one  of  the  articles  of  food  for  which  the  Israelites 
lonced  during  their  sojourn  in  the  wilderness. 

&iions  were  brought  to  North  America  by  the  early  discoverers 
and  became  one  of  the  common  crops  of  colonial  gardens.  Com- 
mercial onion  culture  in  its  present  form  has  developed  mainly  dur- 
ing the  last  40  or  50  years.  Formerly  the  production  of  onions  for 
sale  was  confined  principally  to  the  New  England  States,  but  the 
industry  soon  spread  to  other  sections,  and  when  the  vast  muck  areas 
of  the  Great  Lakes  and  other  regions  were  drained  and  brought 
under  cultivation  the  onion  soon  became  one  of  the  most  important 

crops  on  these  soils. 
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At  present  the  principal  commercial  onion-growing  centers  are 
locatea  in  New  England,  especially  in  the  Connecticut  Kiver  Valley, 
in  northern  New  Jersey,  southeastern  New  York,  the  entire  Great 
Lakes  re^on,  and  as  far  west  as  Minnesota.  The  production  of 
Creole  onions  centers  around  New  Orleans,  La.,  and  the  greater  part 
of  the  Bermuda-onion  crop  is  grown  in  southwestern  Texas  and  in 
California.  Within  the  last  few  years  the  production  of  the  mild 
Valencia  onion  has  developed  in  several  of  the  Western  States,  in- 
cluding New  Mexico,  California,  Arizona,  Utah,  Nevada,  Washing- 
ton, and  Oregon.  In  addition  there  are  many  local  areas  in  the 
United  States  where  onions  are  being  grown  in  considerable  quan- 
tities for  the  market. 

The  production  of  several  crops  closely  related  to  the  onion,  such 
as  chives,  shallot,  leek,  and  garlic,  has  been  developed  around  local 
centers,  especially  in  connection  with  market  gardening  near  the 
large  cities.  Garlic  might  be  mentioned  as  an  exception,  because  it 
is  produced  mainly  in  a  few  localities  where  soil  and  climate  are 
especially  suitable  for  its  growth. 

The  present  acreage  and  production  of  onions  in  the  United  States 
is  about  equal  to  market  demands.  During  years  of  short  crops  and 
low  yields  there  is  a  shortage  of  onions  with  consequent  high  prices, 
but  during  years  of  heavy  crops  the  supply,  as  a  rule,  exceeds  the 
demand,  an^  frequently  prices  are  too  low  for  profitable  returns  to 
the  grower. 

CLIMATIC  REQUIREMENTS 

For  best  results  a  temperate  climate  without  great  extremes  of 
heat  and  cold  should  be  selected.  Onion  culture  is  rarely  profitable 
in  regions  where  the  climate  does  not  change  or  has  no  definite 
seasons  of  heat  and  cold  or  moisture  and  drought.  The  onion  does 
best  under  rather  cool  conditions,  with  plenty  of  moisture  during 
its  early  stages,  but  requires  a  reasonable  degree  of  heat,  together 
with  dryness  of  both  soil  and  atmosphere,  for  its  proper  ripening. 
Where  the  onion  industry  has  become  established  in  the  extreme 
southern  part  of  the  United  States,  the  growing  season  is  during 
the  late  autumn  and  winter,  the  crop  maturing  during  the  spring 
and  early  summer.  If  the  crop  matures  at  a  time  when  there  is 
considerable  rainfall,  it  will  be  impossible  to  cure  the  bulbs  without 
artificial  means  and  they  will  be  lacking  in  keeping  qualities. 

Certain  types  and  varieties  of  onions,  including  the  top  onions 
and  the  multipliers  or  potato  onions,  are  extremely  hardy  and  may 
remain  in  the  open  ground  throughout  the  winters  of  our  Northern 
States,  especially  if  given  slight  protection.  These  types  are,  how- 
ever, not  adapted  to  growing  for  market,  except  as  green  onions, 
"peelers^"  or  "bunchers,"  to  be  sold  during  the  early  springtime. 
In  certain  sections  of  the  South  Atlantic  coast  region  large  areas 
of  the  top  and  multiplier  onions  are  grown  for  this  purpose.  There 
is  also  a  marked  difference  in  the  temperature  requirements  of  the 
standard  commercial  sorts,  some  being  adapted  to  growing  far 
northward,  while  others,  like  the  Bermuda^  Egyptian,  and  Spanish 
types,  do  best  in  restricted  southern  localities. 

The  period  required  for  the  production  of  a  crop  of  onions  will 
depend  upon  the  season,  the  methods  employed  in  growing,  and  the 
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variety.  If  grown  from  seed,  a  period  of  from  130  to  150  days  will 
be  required.  If  from  sets,  the  crop  often  may  be  matured  in  100 
days.  If  grown  in  the  extreme  northern  part  of  the  United  States, 
where  the  seasons  are  short,  the  crop  will  mature  more  rapidly  than 
to  the  southward.  In  the  case  of  the  Bermuda  onion,  as  grown  in 
Texas,  the  gro¥ring  season  extends  from  October  to  the  following 
March  or  April. 

Onions  require  an  abundance  of  moisture  during  the  early  stages 
of  their  growth,  bat  should  be  ripened  under  comparatively  dry  con- 
ditions. In  most  sections  the  seed  is  sown  at  a  time  of  the  year  when 
frequent  spring  rains  occur.  Their  period  of  greatest  growth  is  dur- 
ing the  early  part  of  the  simimer,  and  the  crop  is  ripened  late  in  the 
summer  when  drying  conditions  may  be  expected.  In  irrigated 
regions  the  application  of  water  is  almost  entirely  under  the  control 
of  the  grower.  During  the  active  period  of  growth  the  water  is 
applied  about  once  a  week,  the  soil  being  thoroughly  soaked  and 
the  surplus  water  drawn  off. 

The  amount  of  rainfall  or  irrigation  required  for  the  production  of 
a  crop  of  onions  will  depend  largely  upon  the  character  of  the  soil 
and  its  drainage.  Many  of  the  peat  or  muck  soils  in  which  the  soil 
water  remains  near  the  surface  will  require  very  little  rainfall;  in 
fact,  the  best  crops  of  onions  are  produced  on  these  soils  during 
seasons  of  comparatively  light  but  evenly  distributed  rainfall.  Sandy 
and  loose  soils  generally  will  require  a  greater  amount  of  water, 
esp>ecially  during  the  early  part  of  the  season. 

SOILS  ADAPTED  TO  ONION  CULTURE 

The  essential  requirements  of  a  soil  upon  which  to  grow  onions 
profitably  are  a  high  state  of  fertility,  good  mechanical  condition  in 
order  that  the  crop  may  be  easily  worked,  suflBcient  drainage,  and 
freedom  from  weeds,  if  a  soil  has  the  proper  mechanical  proper- 
ties— that  is,  if  it  contains  sufficient  sand  and  humus  to  be  easily 
worked,  is  retentive  of  moisture  and  fertilizers,  and  is  capable  of 
drainage — all  other  requirements  can  be  met.  At  least  three  types 
of  soil  are  being  extensively  planted  to  onions  in  this  country,  the  one 
common  essential  being  proper  mechanical  condition. 

Clay  and  alluvial  loam  soils  abound  in  the  river  valley  and  delta 
regions  near  the  coast.  These  soils  are  generally  very  fertile,  but 
may  require  the  addition  of  humus  or  stable  manure  in  order  to 
lighten  them.  The  greatest  difficulty  encountered  in  growing  onions 
upon  land  of  this  character  is  the  tendency  of  the  soil  to  run  together 
and  bake  after  hard  rains.  This  is  especially  injurious  after  the  seed 
has  been  sown  and  before  the  small  plants  have  attained  sufficient 
size  to  permit  of  stirring  the  soil  about  them.  Where  these  soils  con- 
tain considerable  sand  they  are  ideal  for  onion  culture.  It  is  upon 
this  class  of  soil  that  the  greater  part  of  the  Bermuda,  Spanish,  and 
ECTptian  onions  are  grown. 

Sandy  soils,  especially  where  underlain  by  a  well-drained  clay 
subsoil,  are  often  well  adapted  to  onions.  Soils  of  this  character 
generally  require  heavy  applications  of  fertilizers  before  they  will 
produce  a  paying  crop,  but  the  quality  of  the  product  is  excellent. 
Onions  grown  on  sandy  loams  are  generally  solid,  heavjr,  and  of 
excellent  keeping  quality.    Where  sandy  soils  are  lacking  in  humus 
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this  may  often  be  applied  by  means  of  crops  of  legumes  grown  upon 
the  land  and  plowea  under. 

Throughout  the  north-central  part  of  the  United  States  there  are 
vast  tracts  of  peat  or  muck  soils  that  are  capable  of  producing 
c)nions.  Before  planting  to  onions,  however,  these  soils  must  be 
cleared,  drained,  and  brought  to  a  suitable  state  of  cultivation.  In 
many  cases  this  process  will  require  two  or  three  years'  time,  but 
sometimes  the  soil  can  be  broken  during  the  early  winter,  allowed  to 
lie  exposed  to  the  action  of  frost,  then  worked  down  and  planted  to 
onions  the  following  spring.  Some  of  the  largest  onion  farms  are 
located  on  muck  lands.  The  store  of  plant  lood  in  muck  soil  is 
usually  large,  but  often  it  is  not  in  available  condition,  and  heavy 
applications  of  manure  and  commercial  fertilizers,  especially  super- 
phosphate and  potash,  are  essential  to  profitable  crops. 

CULTURAL  METHODS 

The  onion  belongs  to  that  class  of  crops  which  gives  best  results 
under  very  intensive  culture,  and  the  greatest  yields  are  secured 
where  a  moderate  acreage  is  planted  and  the  work  conducted  in  a 
most  thorough  manner.  There  is  nothing  technical  about  the  grow- 
ing of  onions,  but  close  attention  and  frequent  cultivation  are  essen- 
tial. Once  the  weeds  get  a  start,  the  cost  of  production  will  be 
greatly  increased,  or  the  crop  may  be  lost  altogether. 

PREPARATION  OP  NEW  LAND 

As  a  general  rule  new  land  is  not  adapted  to  onion  growing  until  it 
has  been  worked  one  or  two  years  with  other  crops.  Onions  should 
follow  some  row  crop  that  has  been  kept  free  from  weeds  the  previous 
season.  Corn,  beans,  and  potatoes  are  suitable  crops  with  which  to 
precede  onions.  Muck  and  sandy  soils  may  in  some  cases  be  brought 
to  a  suitable  condition  for  onions  the  first  season,  but  the  fitting  will 
have  to  be  very  thoroughly  performed.  The  land  should  be  plowed 
in  the  autumn,  then  replowed  in  the  spring,  after  which  numerous 
harrowings  and  doubtless  some  hand  work  will  be  required  to  get 
the  soil  in  suitable  shape. 

If  necessary  to  manure  the  land  heavily  before  planting  to  onions, 
it  will  be  desirable  to  plant  to  some  farm  crop  one  season,  then  apply 
the  manure  during  the  autumn  in  order  to  give  it  time  to  become 
incorporated  with  the  soil.  Owing  to  the  value  of  good  onion  land 
it  would  not  be  advisable  to  devote  it  to  general  farm  crops  for  any 
extended  period,  although  corn  is  frequently  planted  and  oats  or  rye 
are  sometimes  used  in  the  North.  Cowpeas  may  be  of  great  service 
in  bringing  new  land  into  shape  for  planting  to  onions. 

CROP  ROTATION 

Onions  should  not  be  planted  on  the  same  piece  of  land  year  after 
year,  but  some  system  of  crop  rotation  should  be  maintained.  Care 
should  be  taken,  however,  to  use  crops  in  the  rotation  that  will  not 
be  exhaustive  of  the  high  fertility  necessary  in  the  onion  land.  Dur- 
ing the  years  when  the  land  is  not  devoted  to  onions  it  can  be  planted 
to  some  truck  crop  that  will  give  a  return  that  will  justify  the  appli- 
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cation  of  large  quantities  of  fertilizers,  or,  better,  to  a  leguminous 
crop  to  be  turned  under  as  green  manure.  Continuous  cropping  with 
onions  will  cause  the  land  to  become  infested  with  both  disease  and 
insect  enemies  that  will  sooner  or  later  injure  the  crop  to  such  an 
extent  as  to  render  it  unprofitable. 


PREPARATION  OP  THE  SOIL 


Assuming  that  the  land  intended  for  planting  to  onions  is  capable 
•of  being  brought  to  a  good  mechanical  condition,  is  fertile,  well 
drained,  and  reasonably  free  from  weed  seeds,  the  first  step  in  the 
production  of  the  crop  will  be  to  plow  moderately  deep,  then  harrow, 
disk,  roll,  and  drag  until  the  sou  is  smooth  and  mellow  to  a  depth 
of  5  to  7  inches.  The  method  of  preparing  the  soil  will  depend  some- 
what upon  ifs  character,  the  manner  of  planting  to  be  followed,  and 
the  requirements  for  irrigation.  There  are  few  truck  or  other  crops 
that  require  so  careful  fitting  of  the  soil  as  do  onions,  and  it  is  essen- 
tial that  the  fertilizers  be  well  mixed  with  the  soil. 

On  soils  that  are  naturally  well  drained  and  where  surface  water 
can  not  accumulate,  the  plowing  may  be  done  in  lar^e  blocks,  but 
where  the  opposite  conditions  are  found  or  irrigation  is  practiced  it 
may  be  necessary  to  plow  the  land  in  narrow  Seds.  In  the  case  of 
insufficient  drainage  it  will  be  desirable  to  throw  the  soil  into  beds, 
leaving  double  furrows  between  the  beds  to  carry  oflf  surplus  water. 
Where  the  flooding  system  of  irrigation  is  practiced  the  beds  must 
be  leveled  and  a  system  of  ditches  and  ridges  provided  for  distrib- 
uting and  controlling  the  water.  Where  it  is  merely  desired  to  secure 
surface  drainage  the  beds  may  be  from  75  to  150  feet  in  width,  but 
for  irrigation  purposes  the  beds  are  generally  but  12  or  15  feet  in 
width.  If  spring  plowing  is  practiced  the  soil  should  be  harrowed 
closely  behind  the  plow  in  order  to  prevent  drying  out. 

For  cutting  ana  pulverizing  the  soil  there  is  perhaps  no  tool  as 
serviceable  as  the  disk  harrow.  There  is  a  type  of  disk  having  four 
gangs,  in  two  sets,  one  combination  in  front  of  the  other  and  so 
arranged  that  the  soil  is  first  turned  to  the  center  and  then  turned 
outward  a^ain  by  means  of  the  rear  combination.  This  tool  turns 
the  soil  twice  ana  leaves  it  in  a  level  condition.  For  smoothing  and 
leveling  the  soil  behind  the  plow  a  harrow  of  the  type  shown  in  Fig- 
ure 1  is  very  desirable;  this  tool  not  only  levels  but  turns  and  crushes 
the  soil  at  the  same  time. 

On  land*  that  has  been  plowed  during  the  autumn  and  requires 
replowing  in  the  spring,  a  device  of  the  type  shown  in  Figure  2  will 
answer  and  will  do  the  work  more  rapidly  than  the  plow.  This  tool 
is  especially  adapted  to  bedding  up  land  that  has  been  previously 
plowed. 

For  imparting  the  final  smoothing  touch  to  the  soil  before  planting 
there  is  a  device  consisting  of  a  large  number  of  small  disks  set  in  a 
wooden  frame  (fig.  3)  which  does  about  the  same  work  as  a  steel  rake. 
but  in  a  rapid  manner.  A  drag  or  float  made  from  several  pieces  or 
scantling  nailed  tc^ether  may  be  used  for  this  purpose,  or  if  the  soil 
is  very  loose  a  roller  should  be  run  over  it.  The  final  leveling  should 
be  performed  with  a  tool  that  will  fill  and  obliterate  all  tracks  or 
other  depressions  in  the  soil,  leaving  a  smooth,  even  seed  bed  for 
either  seed  sowing  or  transplanting. 
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As  the  onion  is  an  intenijive  crop  and  should  yield  great  quantities 
of  marketable  bulbs  for  the  area  planted,  the  grower  is  justified  in 
fertilizing  heavily.  It  would  he  difficult  indeed  to  make  the  soil  too 
rich  for  onions,  provided  the  manures  are  thoroughly  incorporated 
with  the  soil.  A  heavy  application  of  fresh  raw  manure  just  before 
planting  would  have  an  injurious  effect,  but  where  the  manure  is 
well  rotted  and  uniformly  applied  there  is  nothinfr  to  be  feare<l. 


There  is  perhaps  no  fertilizer  so  well  adapted  to  the  production  of 
onions  as  plenty  of  disease-free,  well -composted  stable  manure,  and 
the  quantity  and  frequency  of  application  will  depend  upon  the 
nature  of  the  land  under  cultivation.  The  Bermuda-onion  growers 
of  southwestern  Texas  apply  as  high  as  20  tons  of  sheep  and  goat 
manure  to  an  acre  every  tliree  years.    In  addition  to  tne  manure 


riociE  1. — Harrow  for  pmoolhlBB  iinl  levpllng  the  hoII  brhlnil  tbe  plnw 

there  is  used  1,000  to  2,000  pounds  of  cottonseed  meal  or  commercial 
fertilizer,  and  sometimes  a  top-dressing  of  nitrate  of  soda.  This 
sheep  and  goat  manure,  from  animals  that  are  fed  largely  on  cotton- 
seed meal,  is  saved  in  the  corrals  in  a  climate  where  there  is  very 
little  rain,  and  contains  the 'essential  fertilizing  ingredients  in  very 
high  percentages.  The  manure  is  first  piled  where  a  little  water  can 
be  thrown  over  it  and  it  is  composted  for  several  months  before 
spreading  on  the  land.  The  best  results  from  this  manure  are  not 
realized  until  the  second  or  even  the  third  year  after  its  application. 
All  stable  manure  used  on  onion  land  ^ould  be  well  composted 
before  use  and  then  spread  upon  the  land  several  months  before 
planting  to  onions.  In  the  Northern  States  the  manure  may  be  ap- 
plied during  the  autumn  and  well  disked  into  the  soil.  The  land 
can  then  be  allowed  to  lie  in  the  rough  state  and  exposed  to  the 
action  of  frost  during  the  winter,  or  it  can  be  smoothed  and  seeded 

,  in  which  case  it  will  be  necessary  to  replow  early  in  spring. 

;  Bermuda  district  the  manure  should  be  applied  during  the 
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spring  and  the  land  kept  frequently  stirred  during  the  summer,  with 
occasional  irrigations  in  order  to  incorporate  the  manure  and  destroy 
veeds;  the  planting  is  not  done  until  tne  autumn.  Another  practice 
in  the  Bermuda  district  is  to  appiy  fresh  manure  broadcast  at  the 
rate  of  10  to  12  tons 
to  the  acre  during 
the  spring,  then 
plant  to  corn  and 
cultivate  through 
the  early  summer, 
and  add  a  top-dress- 
ing of  well-rotted 
manure  after  plow- 
ing the  land  for 
onions  in  the  au- 
tumn. This  top- 
dressing  should  be 
well  worked  into 
the  soil  by  means 
of  disk  harrows, 
Larse  quantities  of 
fre^  manure  ap- 
plied on  onion  land 
just  before  planting 
will  hare  a  tend- 
ency to  produce  an 
overgrowth  of  tops 
at  the  expense  of  tne  bulbs. 


and  soils  that  are  naturally  moist. 


—Dink  plow  uKfd  (ur  rpflltlDg  land 
This  is  especially  true  on  irrigated  lands 


COM  MEsciAt.  nsnucicaa 


A  fertilizer  that  is  suited  to  the  growing  of  potatoes  will  serve 
quite  well  for  onions,  but  the  potash  shotila  perhaps  be  i^upplied  in 
tne  form  of  muriate  rather  than  of  sulphate.  A  fertilizer  adapted 
to  the  growing  of  onions  should  contain  4  to  5  per  cent  of  nitrogen, 
8  to  10  per  cent  of  phosphoric  acid,  and  8  to  10  per  cent  of  potash. 


PislJiB  3. — Derlcc  used  for  smootbliig  saU  before  weeAlag 

A  fertilizer  of  this  character  will  cost  $40  to  $45  a  ton  and  can  be 
profitably  applied  at  the  rate  of  1,000  pounds  to  the  acre  on  most 
soils.  Where  very  intensive  cultivation  is  practiced  it  may  be  profit- 
able to  apply  as  much  as  a  ton  to  the  acre  in  addition  to  stable 
manure. 
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Commercial  fertilizers  should  be  applied  shortly  before  sowing 
the  seed  and  should  be  uniformly  distributed  and  thoroughly  worked 
into  the  soil.  There  are  fertilizer  distributors  that  scatter  the  fer- 
tilizer broadcast,  but  where  an  amount  not  exceeding  1,000  pounds 
of  fertilizer  to  the  acre  is  being  used  the  work  of  distribution  may 
be  performed  by  means  of  a  common  grain  drill  having  a  fertilizer 
attachment.  On  a  small  scale  the  work  is  generally  performed  by 
hand. 

Many  growers  follow  the  practice  of  applying  only  a  part  of  the 
fertilizer  at  planting  time,  reserving  the  balance  to  be  put  on  as  a 
top-dressing  at  some  time  during  the  period  of  cultivation.  This 
plan  is  especially  desirable  where  onions  are  grown  during  the  win- 
ter, as  the  application  of  highly  nitrogenous  fertilizers  in  the  autiunn 
is  liable  to  promote  a  soft  growth  that  will  be  injured  by  cold.  If 
the  fertilizer  is  not  put  on  until  cold  weather  is  over,  the  crop  may  be 
forced  without  danger  of  injury.  For  this  purpose  only  those  fer- 
tilizers of  a  very  available  form  will  answer.  Nitrate  of  soda  is 
frequently  used  as  a  top-dressing  during  the  height  of  the  growing 
period. 

PLANTING 

Most  of  the  onions  grown  in  the  United  States  are  started  from 
seed.  Propagation  from  seed  is  conducted  by  three  more  or  less 
distinct  methods:  (1)  By  sowing  the  seed  in  the  rows  where  the 
crop  is  to  grow  and  mature;  (2)  by  sowing  the  seed  in  specially 
prepared  beds  and  transplanting  the  seedlings  to  the  open  ground ; 
ana  (3^  by  first  growing  sets  from  seed  and  then,  after  keeping  them 
througn  the  winter,  planting  them  in  the  field  to  produce  the  crop 
of  mature  bulbs.  Of  these  three  methods  the  one  first  mentioned  of 
seeding  in  the  rows  where  the  crop  is  to  mature  is  the  one  most  used 
on  a  very  large  scale. 

SEEDING  IN  BOWS 

In  the  northern  onion-growing  districts  the  seed  is  sown  as  early 
in  the  spring  as  the  soil  can  be  brought  to  the  proper  condition. 
While  it  is  desirable  to  plant  quite  early,  it  never  pays  to  sow  the 
seed  l)efore  the  land  is  in  the  best  possible  condition.  When  the 
soil  has  been  brought  to  a  smooth,  even  surface  and  is  fine  and  mel- 
low, the  seed  is  sown  by  means  of  a  common  seed  drill,  of  which 
there  are  several  makes  on  the  market.  The  hand  drills  which  sow 
one  row  at  a  time  are  extensively  employed,  but  many  of  the  larger 
growers  employ  a  gang  of  drills  hitched  together  and  plant  from 
five  to  seven  rows  at  once.  In  heavy  or  moist  soils  the  depth  to 
cover  the  seed  should  not  be  more  tnan  one-half  to  three-fourths 
inch,  while  on  loose  and  sandy  soils  the  seed  may  be  covered  about 
an  inch. 

Where  hand  cultivation  is  practiced  throughout,  the  usual  distance 
between  rows  is  12  to  16  inches.  Where  horse  culture  is  employed  the 
distance  between  rows  varies  between  24  and  36  inches.  The  Quantity 
of  seed  required  to  plant  an  acre  will  depend  both  upon  the  oistance 
between  rows  and  the  purpose  for  which  the  onions  are  being  grown. 
For  the  growing  of  standard  market  onions  in  rows  14  inches  apart, 
about  4^2  pounds  of  first-class  seed  will  be  required.  With  the  rows 
3  feet  apart,  but  1^4  to  li^  pounds  will  be  necessary.    Where  it  is 
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desired  to  produce  small  onions  for  pickling  purposes,  the  amount  of 
seed  may  be  as  great  as  25  pounds  to  an  acre.  Good  seed  is  essential, 
and  if  ttere  is  any  doubt  regarding  the  vitality  of  the  seed  it  should 
be  tested  before  planting  by  counting  and  planting  400  or  500 
seeds  in  a  window  box  and  then  determining  the  germination  by 
counting  the  seedlings  after  10  days'  or  2  weeks'  time.  First-class 
seed  is  seldom  sold  at  a  low  price  and  good  seed  at  $1.50  or  even  $2.50 
a  pound  may  be  cheaper  in  the  end  than  poor  seed  at  50  cents.  Old 
and  inferior  seeds  are  not  only  low  in  percentage  of  germination,  but 
lack  the  vitality  necessary  to  produce  strong,  healthy  plants.  There 
are  dealers  who  make  a  specialty  of  securing  and  furnishing  extra- 
quality  onion  seed,  and  wnile  their  prices  are  often  somewhat  above 
tne  general  market  the  seed  furnished  by  them  is  preferable  to 
ordinary  seed. 

Experienced  growers  are  able  by  using  extreme  care  in  regulating 
the  drills  to  distribute  onion  seed  in  rows  where  the  crop  is  to  mature 
so  that  little  thinning  will  be  necessary.  Thinning  is  generally  left 
until  the  time  of  the  first  hand  weeding,  when  all  tnick  bunches 
along  the  rows  are  thinned  to  a  uniform  stand  of  8  or  10  plants  to 
the  foot.  It  is  always  well,  however,  to  allow  for  considerable 
loss  of  plants,  and  unless  the  plants  are  so  thick  as  to  actually  crowd, 
thinning  will  not  be  necessary. 

TBANSPLANTING  METHOD  OF  GBOWINQ  ONIONS 

The  transplanting  process  is  merely  a  modification  of  the  regular 
seeding  method.  The  objects  gained  by  transplanting  are  an  earlier 
crop,  a  uniform  stand,  and  bulbs  of  more  regular  size.  Practically 
the  entire  crop  of  Bermuda-tvpe  onions  grown  in  the  United  Stat^ 
is  handled  in  this  manner.  Where  a  small  area  is  to  be  grown,  the 
transplanting  process  is  the  ideal  method,  but  for  large  acreages 
where  labor  is  difficult  to  obtain  this  would  not  be  practical.  After 
transplanting,  the  seedling  will  require  rain  or  watering,  and  for 
this  reason  the  transplanting  process  is  practically  limitea  to  areas 
where  some  form  of  irrigation  is  available. 

In  growing  onions  by  the  transplanting  method  the  seed  is  sown 
in  greenhouses,  hotbeds,  coldframes,  or  specially  prepared  beds  at 
the  rate  of  3^  or  4  pounds  for  each  acre  to  be  planted.  Onion 
seedlings  are  now  being  grown  in  great  quantities  by  southern  plant 
growers  and  are  shipped  to  northern  onion  growers.  When  the 
idlings  are  ^own  Tder  cover,  they  are  givfn  the  necessary  at- 
tention  regarding  watering  and  ventilation  and  kept  growing  quite 
rapidly  until  near  the  time  for  setting  them  in  the  open  ground. 
As  planting  time  approaches,  the  seedlings  are  "  hardened  "  or  pre- 
pared for  transplanting  by  increased  ventilation  and  exposure  and 
oy  withholding  water.  When  ready  to  transplant,  the  seedlings 
should  be  somewhat  smaller  than  a  lead  pencil  and  rather  stocl^. 
The  plants  are  lifted  from  the  seed  bed  and  the  roots  and  tops  both 
trimmed  somewhat,  as  shown  in  Figure  4.  They  are  then  packed 
neatly  in  shallow  boxes  for  removal  to  the  field  where  they  are  to 
be  planted. 

Various  methods  are  employed  for  handling  the  plants  in  setting. 
As  a  rule,  a  line  is  used  and  the  land  marked  to  indicate  the  location 
of  rows.    Several  methods  are  employed  for  marking  the  distance 
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between  plants  in  the  rows.  A  marking  device  much  used  by  the 
Bermufla-onion  growers  in  Texas  consists  of  a  sectional  roller  with 
the  sections  the  same  distance  apart  as  the  distance  between  the  rows 
and  each  section  provided  with  conical  pins  to  form  the  holes  in 
which  the  plants  are  set.  The  objection  to  the  sectional  roller  marker 
is  that  it  can  not  easily  be  drawn  in  a  straight  line  and  straight  rows 
are  essential  to  good  cultivation. 

After  marking  the  land,  the  plants  are  dropped  ahead  of  the 
planters,  or  they  may  be  kept  in  the  trays  and  simply  removed  as 
planted.  The  trans- 
process  con- 
Ill^  in  pushing 
the  root  end  of  the 
seedling  into  the  soil 
with  one  finger  and 
then  firming  the  soil 
about  the  plant  This 
work  is  very  laborious 
and  can  only  be  per- 
formed economically 
by  very  cheap  labor. 
A  small  plow,  such  as 
is  generally  included 
with  the  attachments 
of  the  wheel  hoe  (fig. 
5),  is  often  employed 
for  opening  a  furrow 
in  which  to  set  the 
small  onion  plants.  As 
the  plants  are  set  the 
soil  is  either  drawn 
about  them  by  hand,  or 
the  plow  may  again  be 
used  for  this  purpose. 
In  the  Bermuda-onion 
district  the  work  of 
transplanting  is  as  a 
rule  done  by  contract. 
In  transplanting,  all  inferior  plants  should  be  rejected,  thus  insur- 
ing a  more  nearly  perfect  stand  and  devdopment. 

PKOPAOATION    BY    SETS 

The  use  of  sets  is  still  another  modification  of  the  regular  seed- 
ling metliod,  in  which  the  seed  is  planted  one  year  to  form  the  sets 
from  which  to  grow  a  crop  of  mature  onions  the  following  jBar. 
Like  the  transplanting  process  the  use  of  sets  is  limited  in  its  appli- 
cation. Onions  grown  from  sets  will  ripen  earlier  than  those  rrom 
seed  sown  in  the  field,  but  the  use  of  sets  for  commercial  onion 
growing  is  not  so  practical  as  transplanting  seedlings,  because  of 
the  high  cost  of  sets.  In  planting  onion  sets  a  furrow  about  2  inches 
deep  IS  opened,  the  sets  being  dropped  about  3  inches  apart  and 
firmly  covered.  The  quantity  of  seta  required  to  plant  an  acre  will 
depend  upon  their  individual  size  and  planting  mstances,  but  it  is 
generally  between  15  and  22  bushels. 
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CULTIVATION 

The  cultural  requirements  of  the  onion  are  frequent  shallow  stir- 
ring of  the  soil  and  freedom  from  weeds.  The  feeding  roots  of  the 
onion  run  close  to  the  surface  of  the  soil  and  should  not  be  disturbed 
by  deep  cultivation.  Sometimes  a  heavy  rain  immediately  after 
seeding  will  so  pack  the  surface  that  the  seedlings  can  not  break 
througn.  Under  such  circumstances  it  will  be  necessary  to  slightly 
break  the  surface  by  means  of  a  steel  rake  or  a  rakelike  attachment 
on  a  cultivator.  As  soon  as  the  plants  are  up  and  the  rows  can  be 
followed  the  cultivator  should  be  started  to  loosen  the  soil,  which  is 
always  more  or  less  compacted  during  seeding. 

HAND   CT'LTIVATION 

Where  the  rows  are  14  inches  or  less  apart,  the  work  of  caring 
for  the  crop  must  all  be  done  by  hand.  For  this  purpase  the  wheel- 
hoe  tools  of  various 
tvpes  are  essential. 
Tf  h  e  s  e  implements 
are  provided  with 
several  kinds  of 
hoes,  cutters,  and 
sweeps  desired  to 
work  the  soil  away 
from  the  plants,  to 
shave  the  surface 
and  destroy  weeds, 
and  to  stir  the  soil 
and  work  it  back 
around  the  plants. 
Onions  grown  on 
muck  and  alluvial 
soils  will  require 
from  8  to  14  work- 
ings with  the  wheel-hoe  implements;  on  sandy  soils  it  will  not  be 
necessary  to  cultivate  so  frequently. 

Several  types  of  wheel  hoe  are  in  use,  but  those  having  a  single 
wheel  and  passing  between  the  rows  are  most  desirable.  Those  of 
the  type  shown  in  Figure  5  are  good.  Many  growers  have  designed 
special  implements  to  suit  the  requirements  of  their  soils;  two  of 
these  are  shown  in  Figure  6,  the  one  designed  to  cut  the  soil  away 
from  the  row  and  the  other  to  stir  and  work  the  soil  back  to  the 
row.  Some  of  the  growers  in  the  onion  fields  near  Chicago  have 
adopted  a  hoe  stock  consisting  of  a  pair  of  light  plow  handles,  an 
iron  stock,  and  the  front  wheel  of  a  bicycle.  To  the  stock  of  this 
device  may  be  attached  almost  any  form  of  sweep  or  cutter,  and  the 
implement  is  exceptionally  easy  to  propel.  The  wide  distance 
between  the  handles  places  the  implement  well  under  the  control  of 
the  operator.  Figure  7  gives  an  idea  of  the  general  appearance  of 
this  implement* 

H0B8B  CULTIVATION 

In  sections  where  onions  are  grown  on  a  soil  that  is  not  well 
adapted  to  hand  culture  the  rows  are  placed  30  to  36  inches  apart 


Figure  5. — Wheel  hoe  adapted  to  working  onions 
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and  the  cultivation  is  performed  by  means  of  horse-drawn  tools. 
This  is  particularly  true  where  onions  are  grown  on  the  black  waxy 
soils  of  Texas  ana  other  soils  of  the  prairie  type.    As  with  hand 
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culture,  frec|uent  sliallow  stirring  of  the  soil  is  essential,  the  work 
generally  being  performed  with  one  of  the  harrow-tooth  cultivators. 
Those  of  the  type  shown  in  Figure  8  are  well  adapted  to  this  work. 

An  implement 
known  as  a  weeder 
can  be  used  for 
breaking  the  sur- 
face before  the 
seedlings  appear ; 
also  tor  general 
cultivation  by  re- 
moving a  tooth  at 
the  point  where  the 
rows  arc  located. 

HAND  WEDlINa 

It  is  well-nigh 
impossible  to  pro- 
duce a  crop  of 
onions    without 

i^iouEii  7.— iiiKb  wheel  iji»  ot  boe.    ii'awrned)  some  hand  weed- 

ing. During  favor- 
able seasons  the  strictly  handwork  may  be  reduced  to  but  one  or  two 
weedings,  but  a  greater  number  will  be  necessary  during  rainy  sea- 
sons.   Ench  hand  weeding  will  cost  from  $5  to  $12  an  acre,  according 
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to  wages  paid  and  the  number  of  weeds  present.  The  work  of  hand 
weeding  may  be  facilitated  by  the  use  of  some  of  the  small 
hand  tools  designed  for  the  purpose.  Among  these  tools  might 
be  mentioned  the  onion  hoe  (fig.  9),  the  hand  weeder  (fig.  10), 
and  the  thinning  ,  I 

or  weeding  hook 
(fig.  11).  Girls 
and  boys  are  ex- 
pert at  hand 
weeding,  the  prac- 
tice being  to  work 
them  in  gangs  of 
10  to  20  with  an    ^-^ 

overseer  behind  f^,  _  „  .,  -  m  -r 
them  to  see  that  \Qf  B  9  /  /  /  / 
the  work   is  prop-  ^^  a-BmlU-tooU.  bor..  ™itlT,tor 

erly    done.      In 

some  localities  the  wages  paid  for  this  class  of  work  are  $1.50  to 

$2.50  a  day. 

IRRtOATION 

Outside  of  the  areas  where  irrigation  methods  are  de[)ende(l  upon 
for  the  production  of  general  crops  it  is  not  customary  to  use  arti- 
ficial-watering in  the  growing  of  onions.  In  a  few  cases  the  land  has 
been  equipped  with  overhead  sprinkling 
^sterns  which  are  employed  to  moisten 
the  soil  after  the  seed  xa  planted  and  also 
during  extremely  dry  weather.  On  peat 
,and  muck  soils  the  young  seedlings  are 
frequently  lost  by  the  dry  muck  blowing 
with  the  nigh  winds  of  early  spring.  In 
this  way  a  part  of  the  field  may  have 
the  soil  blown  off  to  such  an  extent  that 
the  plants  wilt  be  left  without  soil  about 
them,  while  other  portions  of  the  Geld  will 
be  covered  by  1  or  2  inches  of  loose  muck. 
The  use  of  a  small  quantity  of  water 
sprayed  over  the  field  will  sometimes  pre- 
vent this  shifting  of  the  soil  during  a 
windstorm  but  will  not  prevent  the  accu- 
mulation of  muck  blown  on  to  the  plants 
from  adjacent  nonirrigated  areas.  Sandy 
soils  are  also  subject  to  the  action  of 
winds  to  a  greater  or  less  extent,  and 


losses  may  be  prevented  by  the  timely  ap- 
plication of  water  over  tne  surface.     In  a 


few  instances  subirrtga- 


tion  is  employed  in  the  growing  of  onions. 

Throughout  the  Bermuda  district  of  the  Southwestern  States 
surface  irrigation  is  almost  universally  employed.  The  Bermuda 
onions  are  planted  mostly  in  comparatively  level  beds  with  dividing 
ridges  and  are  flooded  once  each  week  or  10  days  during  the  growing 
period.     About  a  week  before  the  plantii  are  set  the  soil  is  flooded 
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and  then  worked  over  with  disk  and  smoothing  harrowg  just  ahead 
of  the  planters.  Within  a  day  or  two  after  planting  the  land  is 
again  flooded  and  the  surface  water  drawn  orf;  this  process  is  re- 
peated, with  alternate  cultivations,  as  oftea  as  required.  Toward 
the  end  of  the  growing  season  the  water  is  withheld  to  allow  the 
bulbs  to  ripen.  As  a  rule  about  10  waterings  in  all  are  required,  at 
a  cost  of  about  $2.50  an  acre  for  each  watering,  or  $29  per  acre 
altogether.  Figures  12  and  13  give  a  good  idea  of  the  methods  of 
applying  the  water  in  the  Bermuda-onion  growing  district. 

In  the  principal  Bermuda-onion  growing  districts  the  water  for 
irrigation  purposes  is  obtained  only  after  the  expenditure  of  thou- 
sands of  dollars  for  pipe  lines  ancf  pumping  machinery.    The  coet 
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of  watering  as  given  above  does  not  include  any  share  of  the  original 
cost  for  installation  or  water  charges,  but  covers  only  the  labor, 

HARVESTING  AND  CURING 

In  the  northern  onion  districts  the  crop  ripens  and  is  harvested 
during  the  latter  part  of  the  summer  and  earhr  autumn.  As  a  rule 
the  work  of  harvesting  onions  begins  late  in  July  and  is  practically 
completed  and  the  crop  housed  oefore  October.  In  the  Southern 
States,  where  the  crop  is  grown  during  the  winter,  the  harvesting 
and  marketing  period  is  during  the  spnng  and  is  practically  ended 
before  the  northern  product  comes  upon  the  market. 

In  the  North  tlie  bulbs  are  allowed  to  bpcome  as  ripe  as  possible 
before  removing  them  from  the  soil.    Growers  prefer  that  the  tops 
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ripen  down  and  shrivel  and  that  the  outer  skin  of  the  hulbs  be  dry 
before  they  are  pulled.  Figure  14  shows  a  field  of  onions  in  prime 
condition  for  gathering.  To  the  southward,  where  the  onions  are 
not  cured  so  thoroughly,  they  are  often  pulled  about  the  time  that 
the  tops  begin  to  break  and  fall.  The  ripenine  process  often  may 
be  hastenea  by  rolling  a  very  light  roller  or  a  Darrel  over  the  toi>s 
to  break  them  down.  This  process  is  frequently  spoken  of  as 
"  barreling." 

Where  the  bulbs  are  practically  upon  the  surface  they  may  be 
polled  by  hand  and  thrown  in  windrows  consisting  of  8  or  10  onion 
rows.  If  the  onion  bulbs  are  considerably  covered  with  soil  it  will 
I>e  necessary  to  employ  a  1-horse  plow  or  a  cultivator  with  a  sweep 
attached  for  lifting  them.     In  any  case  it  will  he  necessary  to  gather 
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them  from  the  soil  by  band.  After  lying  in  the  windrows  for  sev- 
eral days  and  being  stirred  occasionally  with  wooden  rakes,  the  tops 
are  removed  either  by  twisting  or  cutting  with  ordinary  sheep  shears. 
In  cases  where  very  bright  color  is  important,  as  with  fancy  White 
Globe  onions,  and  this  would  be  injured  by  exposure  to  the  sun  and 
rain,  the  bulbs  are  cured  in  long,  narrow,  low  ricks  formed  by 
placing  several  rows  of  onions  laid  with  the  bulbs  to  the  center  and 
the  tops  to  the  outside  to  protect  the  bulbs.  As  the  tops  are  removed 
the  bulb^  are  generally  placed  in  crates  for  drying.  Onion-topping 
machines  frequently  are  employed,  the  hulbs  being  hauled  from  the 
lield  to  a  central  location  and  run  through  the  topper.  Those  ma- 
chines remove  the  tops,  grade  the  bulbs,  and  deliver  them  into  the 
crates  or  bags.  If  crates  are  not  employed  for  curing,  the  bulbs  are 
allowed  to  fie  in  the  windrows  for  some  time,  and  are  then  either 
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put  into  sacks  or  hauled  to  slat  cribs,  where  the  curing  process  is 
completed.  Too  long  exposure  to  hot  sunshine  will  injure  the  bulbs. 
Figure  15  shows  a  field  of  onions  drrinf;  in  windrows,  with  crates 
ready  for  their  removal  from  the  field. 
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After  gathering  into  crates,  the  crates  are  either  stacked  in  the 
field,  hauled  to  a  central  stacking  yard  where  they  are  covered  with 
boards  or  cunvas,  or  hauled  to  open  sheds  and  there  piled  one  upon 
the  other  with  numerous  air  spaces  until  the  onions  are  thoroughly 
cured. 


uriag  and  storing 


Where  the  bulbs  are  extremely  dry  at  the  time  of  their  removal 
from  the  soil,  they  may  be  allowed  to  lie  in  the  windrows  for  a  few 
days  only,  and  then  sorted  and  cleaned  in  the  field  ready  for  packing 
and  marketing.    Where  onions  are  put  into  sacks  and  afterwards 
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allowed  to  remain  in  the  field,  the  sacks  should  be  supported  on  poles 
laid  on  the  ^rround,  as  shown  in  Figure  16. 

In  the  Bermuda-onion  districts,  where  only  a  short  curing  process 
is  given  to  the  crop,  it  is  the  practice  to  pack  and  load  into  the 
cars  as  soon  as  possible  after  pulling  and  topping.     When  the  ship- 

?ing  is  at  its  height,  it  is  not  uncommon  for  onions  that  are  pulled 
rom  the  soil  in  the  morning  to  be  in  the  cars  and  on  their  way  to 
market  by  evening;  however,  a  portion  of  the  crop  is  given  a  more 
thorough  curing  process,  and  the  entire  crop  would  be  benefited  by 
at  least  two  days  of  curing  before  shipment. 
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In  order  that  onions  should  keep  well  when  stored  they  must  be 
well  ripened  and  thoroughly  cured.  "  Thick  necks  "  or  those  that 
are  immature,  or  soft,  should  never  be  placed  in  storage  but  should 
be  sold  as  soon  as  gathered  for  whatever  price  they  will  bring.  Good 
storage  onions  will  rattle  almost  like  blocks  of  wood  when  poured 
from  one  crate  to  another.  In  order  that  the  bulbs  mav  remain 
bright  and  of  attractive  appearance  they  should  not  be  allowed  to 
lie  exposed  to  the  weather,  but  should  be  hauled  and  stored  in  open 
sheds  just  as  soon  as  they  may  safely  be  placed  in  1-bushel  crates. 

After  the  bulbs  have  remained  in  drying  slieds  or  cribs  for  four  or 
five  weeks  they  will  be  ready  for  screening  and  removal  to  the  store- 
house. In  handling  onions  it  is  the  rule  to  pass  them  over  a  screen 
each  time  they  are  moved,  as  in  this  way  the  loo^e  skins  are  removed 
and  any  soft  or  decaying  bulbs  may  be  sorted  out.     ^\'hen  bags  are 
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used  for  drying  in  the  field,  the  onions  are  screened  in  the  manner 
shown  in  Figure  17,  and  the  bags  refilled  for  hauling  to  the  storage 
house. 

The  essentials  for  tlie  successful  storage  of  onions  are  suitable  con- 
tainers, plenty  of  ventilation,  a  comparatively  low  temperature,  diT- 
ness,  and  safety  from  actual  freezing.  An^  building  wherein  the 
above  conditions  may  be  secured  will  answer,  but  houses  of  the  type 
shown  in  Figure  18,  which  are  built  especially  for  the  purpose,  are 
most  satisfactoi^. 

The  construction  of  the  storage  house  should  be  double  tbrouehout, 
with  plenty  of  felt  or  paper  lining.  Both  top  and  bottom  ventilation 
sliould  be  provided,  and  the  ventilator  openings  should  have  doors 
that  may  be  closed  to  control  the  temperature.     The  Boors  are  con- 


structed of  narrow  planks  with  half-inch  spaces  between  the  planks 
for  the  passage  of  air.  Bottom  ventilation  is  frequently  secured  by 
means  of  drainpipes  built  into  the  foundation  at  the  surface  of  the 
ground.  These  pipes  are  carried  some  distance  toward  the  center 
of  the  house  and  discharge  the  cool  air  at  a  point  where  it  is  most 
needed. 

The  temperature  of  the  storage  house  should  be  carried  as  low 
Qs  possible  without  actual  freezing.  During  extremely  cold  weather 
the  ventilator  openings  and  doors  should  be  kept  closed  to  keep  out 
cold  air,  and  after  the  onions  have  become  thoroughly  chilled  the 
house  should  be  kept  closed  in  order  to  hold  the  temperature  down 
and  prevent  the  entrance  of  moisture  during  warm  or  rainy  periods. 
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Damp,  foggy  weather  is  iniurious  to  onions,  especially  if  it  follows 
a  j>eriod  of  cold,  and  will  cause  the  bulbs  to  become  covered  with 
moisture  if  the  outside  air  is  admitted.  A  little  artificial  heat  from 
a  stove  or  radiator  may  be  required  during  excessively  cold  weather, 
but  so  long  as  the  temperature  in  the  house  does  not  fall  below  32°  F. 
there  will  be  no  danger  of  injury.  A  tetnperature  of  36°  to  38°  will 
give  good  results. 

The  best  method  of  storing  onions  is  in  standard-size  slat  crates 
20  inches  long,  16  inches  wide,  and  14  inches  deep,  outside  measure- 
ments. The  material  for  the  sides  and  bottom  is  about  three-eighths 
inch  thick  and  2y^  inches  wide,  four  pieces  being  used  to  form 
a  side.  The  corners  are  reinforced  on  the  insitle  by  means  of 
3-cornered   pieces  of  oak,  to   which   the   slats   are   nailed.     These 
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dimensions  provide  crates  that  are  interchangeable,  the  width  of 
five  being  equal  to  the  length  of  four.  The  crates  will  also  nest 
together  when  empty,  with  one  inside  of  two  turned  together.  The 
full  crates  are  stacked  in  the  storehouse  with  1  by  3  inch  strips 
between  them  to  allow  for  the  circulation  of  air,  as  shown  m 
Figure  19. 

Onions  are  sometimes  stored  in  slat  bins  holding  100  to  300  bushels 
each.  Bags  are  also  used  to  some  extent,  but  neither  bags  nor  bins 
are  as  satisfactory  as  the  crates,  on  account  of  the  difficulty  in  pro- 
viding the  necessary  ventilation  and  change  of  air  through  the 
onions.  Bulbs  stored  in  bags  or  bins  must  be  more  thoroughly  cured 
than  those  stored  in  crates.  There  are  single  large  storehouses  in 
use  that  will  accommodate  50,000  to  60,000  bushels  of  onions  when 
stored  in  crates. 
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MARKETING ' 

Large  quantities  of  onions  are  sold  and  shipped  direct  from  the 
fields  where  they  are  grown.  A  part  of  the  crop  is  held  in  tempo- 
rary  storage  until  late  autumn  or  early  winter.  During  recent 
years  the  winter  storage  of  cnions  has  become  of  great  importance, 
and  the  finest  stock  is  held  for  late-winter  deliveries.  The  Bermuda 
crop  from  the  southwestern  part  of  the  country  comes  on  the 
market  during  April  and  May,  so  that  most  of  the  storage  onions 
are  disposed  of  before  that  time. 

In  marketing  onions  the  first  essential  is  to  property  grade  and 
clean  the  bulbs,  in  order  that  they  may  present  an  attractive  appear- 
ance when  offered  for  sale.     Ordinarily  the  bulbs  are  separated 
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into  three  grades — primes,  seconds,  and  picklers.  The  primes  in- 
clude all  of  those  ly^  inches  in  diameter  and  larger,  and  the 
seconds  consist  of  those  from  three-quarters  of  an  inch  to  114  inches 
in  diameter,  while  all  those  that  will  pass  through  a  %-inch  screen 
are  sold  for  pickling  purposes.  The  grading  is  generally  done 
in  the  field  during  the  cleaning  process,  but  as  onions  shrink  con- 
siderably while  in  storage  it  is  necessary  to  regrade  before  placing 
upon  the  market.  The  type  of  screen  used  for  grading  onions  is 
shown  in  Figure  20.  For  cleaning  the  pickling  onions  an  ordinary 
fanning  mill  is  employed,  special  screens  being  provided  for  the 
purpose. 

1  FordPtallKl  Infoni 
Depnrrmeiit  of  Agrli^uhu.ir  ■.uuttii.ij.  <-<.,  j..h?...  !.■■?  dtai  i^trmiH  ' 
Vrown  Uermuds  OdIodr,  and  .No.  1Z2S,  Uarkcllog  Onloiis, 
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Onions  are  placed  upon  the  market  in  1-bushel  crates,  bags,  barrels, 
1-bushel  hampers  and  baskets,  and  in  buik.  The  folding  crate, 
shown  in  the  foreground  of  Figure  20,  is  undoubtedly  the  most  at- 
tractive package  in  use  for  marketing  onions.  The  bags  employed 
are  of  special  open-mesh  weave  and  nold  100  pounds.  Onions  are 
sometimes  shipped  loosely  in  cars  and  shoveled  into  barrels  or  bags 
at  their  destination. 

The  legal  weight  of  dry  onions  is  generally  considered  56  pounds 
to  (he  standard  bushel,  uthough  this  varies  somewhat  in  different 
States. 

COMMERCIAL  VARIETIES 

For  trade  purposes  onions  are  divided  into  two  classes  as  "  strong  " 
onions  and  "mild  "  onions.     The  strong  onions  include  the  greater 
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used  tei  marketiug 

part  of  those  jgrown  in  the  northeastern  United  States  and  con- 
stitute the  mam  storage  and  winter-marketing  crop.  This  group 
includes  such  varieties  as  Yellow  Danvers,  Yellow  Globe  Danvers, 
Southport  Yellow  Globe,  Ohio  Globe,  Japanese  or  Ebenezer,  Aus- 
tralian Brown,  and  Ked  Weathersfield.  The  mild-flavored  group  in- 
cludes the  Ked  Bermuda,  White  Bermuda,  Crystal  Wax,  Valencia, 
and  others. 

In  the  selection  of  varieties  for  any  particular  locality  the  soil 
and  climatic  conditions  and  market  requirements  should  both  be 
(M>nsidered.  Those  adapted  to  the  muck  soils  are  the  yellow  and  red 
sorts.  For  alluvial  ana  prairie  soils  the  red  and  brown  varieties  are 
to  be  preferred,  while  all  kinds  do  well  on  the  sandy  loams  and  light 
soils.    A  cleaner,  better  grade  of  white  onions  can  generally  he  pro- 
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duced  on  light  or  sandy  soils  than  on  muck  or  clay  loams.  Those  of 
the  Bermuda,  Spanish,  and  Egyptian  types  flourish  on  the  deep,  rich 
alluvial  soils  of  the  river  bottoms  and  delta  regions. 

Certain  of  our  markets  show  a  decided  preference  for  onions  be- 
longing to  a  particular  type.  The  red  and  brown  varieties  find 
ready  sale  on  the  markets  of  the  Middle  West,  while  onions  of  the 
yellow  and  white  varieties  are  preferred  in  the  eastern  cities.  Onions 
will  withstand  lon^-distance  sliipment,  those  of  the  mild  type  being 
generally  more  subject  to  injury  than  the  strong  sorts.  Some  of  the 
white  varieties  also  have  a  thin  skin  and  are  easily  injured.  It 
should  be  the  aim  of  every  grower  to  employ  varieties  that  will 
withstand  handling  and  at  tne  same  time  find  ready  sale  on  the 
market. 

The  top  or  tree  onion,  which  reproduces  by  means  of  small  bulb- 
lets  formed  on  the  top  of  the  seed  stalk,  is  extensively  used  in  the 
production  of  early-spring  bunching  onions. 

The  multiplier  or  potato  onion  produces  by  a  division  of  the 
bulbs.  In  growing  this  variety  it  is  necessary  to  plant  large  bulbs 
to  produce  sets  for  the  next  year's  planting  and  small  bulbs  or  sets  for 
the  crop  of  large  onions.  The  bulbs  of  this  variety  may  remain  in 
the  soil  year  after  year  and  are  desirable  for  use  early  in  spring. 

Garlic  is  closely  allied  to  the  onion,  but  will  remain  in  the  ground 
from  one  year  to  another  in  a  mild  climate  if  undisturbed.  Garlic  is 
planted  by  setting  the  small  bulbs,  or  cloves,  in  either  the  autumn  or 
early  spring.     The  culture  is  practically  the  same  as  for  the  onion. 

The  leek  also  belongs  to  the  same  class  as  does  the  onion,  but  re- 
quires somewhat  different  treatment.  The  seed  is  usually  sown  in 
beds  and  the  plants  transplanted  about  4  inches  apart  in  the  row. 
The  plants  of  the  leek  are  given  about  the  same  cultivation  as  onions, 
except  that  after  they  have  attained  almost  full  size  the  soil  is  drawn 
around  them  to  a  height  of  6  or  8  inches  to  blanch  the  fleshy  stem. 
The  leek  does  not  form  a  true  bulb  like  the  onion,  but  the  stem  is 
uniformly  thick  throughout.  Leeks  are  marketed  in  bunches,  like 
young  onions,  and  they  may  be  stored  in  cellars  for  winter  use. 

PRODUCTION  OF  BERMUDA  ONIONS 

Bermuda  onions  are  now  an  important  commercial  crop  in  Texas 
and  California,  with  small  plantings  in  a  number  of  the  Southern 
States.  The  Bermuda  onion  fields  of  Texas  are  located  around 
Laredo  and  other  points  in  or  near  the  Rio  Grande  Valley. 

SOILS  AND  CLIMATE  ADAPTED  TO  THE  BERBTODA  ONION 

Soils  of  a  silty  or  alluvial  nature  are  suited  to  the  production  of 
Bermuda  onions,  and  those  containing  considerable  sand  are  most 
desirable.  As  already  noted  in  referring  to  fertilizers  for  onions,  the 
Bermuda  req^uires  a  very  rich  soil  for  the  best  results,  and  this  can 
only  be  obtained  by  first  selecting  a  good  soil  and  then  manuring 
heavily.  The  Bermuda  onion  as  grown  in  this  country  is  a  winter 
crop;  therefore,  mild  climatic  conditions  are  required.  While  the 
plants  would  withstand  considerable  freezing,  their  growth  is  seri- 
ously checked  by  cold  weather,  and  the  crop  will  not  mature  in  time 
for  the  early  market  if  grown  to  the  northward. 
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CULTURAL  METHODS 

The  cultural  methods  employed  in  the  growing  of  Bermuda  onions 
are  essentially  the  same  as  those  for  ordinary  onions.  As  the  greater 
portion  of  the  crop  is  grown  in  a  region  which  has  no  regular  rainfall, 
irrigation  methous  are  employed  almost  universally.  The  greater 
part  of  the  crop  is  grown  by  the  transplanting  process  and  a  great 
amount  of  hand  labor  is  required.  The  seeds  are  sown  in  specially 
prepared  outdoor  beds  from  the  middle  of  September  to  the  middle 
of  October,  and  the  seedlings  are  transplanted  to  the  field  November 
20  to  January  10,  or  even  later.  From  3%  to  4^/^  pounds  of  seed 
are  required  for  each  acre  to  be  planted ;  this  will  allow  for  discard- 
ing all  the  weaker  plants.  The  plants  are  allowed  to  remain  in  the 
seed  bed  until  they  are  from  three-sixteenths  to  one-fourth  inch  in 
diameter  before  they  are  transplanted.  As  the  seedlings  are  lifted 
the  greater  portion  of  both  the  small  roots  and  the  tops  is  trimmed 
off  in  order  that  they  may  be  transplanted  more  readily.     (Fig.  4.) 

HARVESTING  AND  MARKETING 

Bermuda  onions  are  harvested  as  early  as  possible,  generally  before 
the  tops  have  become  fully  ripened.  For  removing  the  bulbs  from 
the  ground  a  1-horse  plow,  a  potato  digger,  or  a  cultivator  with  a 
cutter  wing  attached  is  employed.  The  bulbs  are  then  separated 
from  the  soil  by  hand,  the  tops  cut  off  with  shears,  and  the  onions 
thrown  in  windrows  or  piles  to  dry  in  practically  the  same  manner 
as  for  the  regulai'-crop  onions  in  the  North.  After  the  bulbs  have 
become  thoroughly  dry  on  the  surface  they  are  either  placed  directly 
in  the  crates  tor  shipment  or  are  carried  to  a  packmg  shed  to  ble 
graded  and  packed  for  market. 

During  the  early  days  of  the  Bermuda-onion  industry  the  crop 
was  shipped  largely  in  bags,  but  it  was  soon  found  tliat  the  bulbs 
were  too  perishable  for  this  method  of  handling.  At  present  the 
greater  portion  of  the  crop  is  sent  to  market  in  folding  slat  crates 
that  are  about  20  inches  long,  12  inches  wide,  and  12  inches  high. 

These  crates  hold  approximately  50  pounds  of  onions  and  weigh 
56  or  57  pounds  when  filled.  The  cost  of  these  crates  is  about  $20 
a  huiidred,  but  they  add  enough  to  the  attractiveness  and  carrying 
qualities  of  the  onions  to  make  their  use  profitable. 

YIELD   OP  BERMUDA   ONIONS   AND    PRICES   OBTAINED 

Phenomenal  yields  of  34,000  and  35,000  pounds  of  Bermuda 
onions  are  frequently  made  on  an  acre  of  land,  but  this  is  far  above 
the  general  average,  which  is  in  the  neighborhood  of  10,000  or  12,000 
pounds  to  the  acre.  Many  fields,  especially  when  planted  for  the 
first  time,  do  not  yield  as  much  as  10,000  pounds  to  the  acre.  On 
land  that  has  been  heavily  manured  and  planted  to  onions  for 
several  years  the  yield  averages  about  16,000  pounds. 

The  best  Bermuda-onion  farms  are  valued  at  $300  to  $500  an  acre. 
In  order  to  prove  profitable,  the  growing  of  Bermuda  onions  should 
be  conducted  on  a  comparatively  large  scale.  The  necessarv  land 
and  irrigation  facilities  will  require  the  initial  outlay  of  from  $10,000 
to  $30,000,  and  the  running  expenses  are  quite  heavy.    Labor  can  be 


24  farmers'  BXnXETIN   354 

secured  at  a  low  price,  but  is  correspondingly  inefficient  and  often 
not  to  be  had  in  sufficient  quantities.  Furthermore,  the  markets 
are  now  pretty  well  supplied  with  Bermuda  onions,  and  persons  who 
desire  to  engage  in  their  production  are  advised  to  investigate  every 
phase  of  the  industry  before  embarking  too  heavilv  in  it.  The 
expansion  of  the  Bermuda-onion  industry  is  limitecf  by  the  facts 
that  a  large  supply  of  bulbs  can  be  grown-  on  a  comparatively  small 
area,  that  the  clistance  to  market  is  great,  that  the  product  is  perish- 
able, and  that  the  markets  will  consume  only  a  limited  quantity  at 
the  prices  at  which  the  crop  can  be  sold  with  profit. 

GREEN  ONIONS  FOR  BUNCHING 

Another  phase  of  onion  culture  that  is  of  considerable  importance 
in  certain  localities  is  the  production  of  young  bunching  onions  for 
the  early  spring  trade.  In  several  sections  along  the  South  Atlantic 
coast  the  growing  of  this  class  of  onions  is  quite  an  enterprise.  Many 
persons  who  are  engaged  in  other  lines  of  work  follow  the  practice 
of  growing  a  small  area  of  bunching  onions  as  a  side  issue. 

The  varieties  known  as  multipliers  and  top  onions  are  generally 
employed  for  this  purpose ;  however,  bunching  onions  are  sometimes 
grown  from  ordinary  sets,  from  inferior  and  damaged  large  onions, 
and  from  seed. 

CULTURAL  METHODS 

For  growing  bunching  onions  the  bulbs  or  sets  are  planted  during 
the  autumn  either  in  beds  or  in  rows  12  or  14  inches  apart  with  the 
bulbs  quite  close  in  the  rows.  The  bulbs  will  start  growing  within 
a  short  time  and  make  more  or  less  growth  during  tne  winter.  As 
soon  as  the  weather  becomes  warm  during  the  first  months  of  spring 
the  onions  make  a  rapid  growth  and  are  ready  for  marketing  about 
the  time  peach  trees  begin  to  bloom. 

The  land  upon  which  these  onions  are  grown  should  be  rich  and 
mellow,  but  very  little  actual  cultivation  will  be  required.  Where 
the  winters  are  severe  it  may  be  necessary  to  provide  slight  protec- 
tion, either  a  little  straw,  loose  manure,  leaves,  pine  straw,  or  corn 
fodder  that  has  been  run  through  a  shredder.  If  the  onion  beds  are 
protected  on  the  windward  sides  by  means  of  a  windbreak  consisting 
of  a  grove  of  pine  trees,  a  fence  of  boards,  pine  boughs,  or  com 
fodder,  the  crop  will  be  ready  for  marketing  a  little  earlier  than  if 
left  exposed.  Multiplier  onions  not  gathered  for  marketing  are 
allowecl  to  remain  to  form  the  bulbs  for  planting  the  following 
season. 

MARKETING 

In  marketing  this  class  of  onions  the  young  scallions  are  pulled,  the 
roots  trimmed,  and  the  outside  peeled  off,  leaving  the  stem  white  and 
clean.  They  are  then  tied  in  small  bunches  by  means  of  soft  white 
string,  the  tops  trimmed  slightly,  and  the  bunches  packed  in  crates 
or  baskets  for  shipment  or  for  sale  on  the  local  market.  This  phase 
of  the  onion  industry  is  limited  to  small  plantings  and  is  well  suited 
to  the  general  market  garden. 

During  the  spring  and  early  summer  large  quantities  of  ordinary 
young  onions  are  pulled  when  the  bulb  is  about  the  size  of  a  50-cent 
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piece,  the  roots  and  tops  are  trimmed,  and  they  are  then  bunched 
and  sold  for  stewing  purposes.  So  far  as  known,  this  class  of 
onions  is  not  shipped  to  any  great  extent,  but  is  sold  mainly  on  local 
markets. 

DISEASES  OP  THE  ONION 

The  onion  crop  of  the  United  States  is  by  no  means  free  from 
disease.  For  information  regarding  such  diseases  and  measures  of 
control,  the  reader  is  referred  to  Farmers'  Bulletin  1060,  Onion 
Diseases  and  Their  Control,  which  may  be  obtained  on  application 
to  the  United  States  Department  of  Agriculture,  Washington,  D.  C. 

ONION  INSECTS' 

In  the  United  States  the  onion  crop  has  only  two  serious  insect 
pests.  Of  these,  the  onion  thrips  {Thrips  tabaci  Lind),  because  of 
Its  distribution  over  the  entire  country,  is  probably  the  most  in- 
jurious. It  is  nearly  always  present  on  onions,  and  linder  favorable 
conditions  it  may  increase  to  such  an  extent  as  to  become  very  de- 
structive. The  onion  thrips  is  a  very  small  louselike  insect,  pale 
brown  in  color,  and  usually  is  first  noticed  because  of  the  minute 
whitish  spots  which  it  leaves  on  the  tips  of  the  foliage  after  rasping 
away  part  of  the  leaf  surface  in  feeding.  The  eggs  are  laid  just  be- 
neath the  surface  of  the  leaf,  and  the  insects,  in  both  the  mature  and 
immature  forms,  feed  on  the  surface  from  the  sheath  to  the  tip.  In 
serious  infestations  the  tops  of  the  onions  become  grayish  white, 
afterwards  turning  brown  and  dying.  At  such  times  the  leaves,  it 
examined,  may  be  seen  to  be  covered  with  thrips. 

The  onion  thrips  is  particularly  injurious  in  the  South,  and  in 
the  Texas  Bermuda-onion  district  it  is  a  constant  menace  to  the  crop. 
It  is  particularly  likely  to  injure  plantings  which  follow  or  are 
adjacent  to  such  early  crops  as  cabbage,  from  which  the  thrips 
migrate  in  great  numbers  at  harvest  time.  A  vigorous,  strongly 
growing  onion  crop  may  grow  away  from  thrips  injury,  but  if  tor 
any  reason  growth  becomes  badly  checked,  damage  is  almost  sure  to 
result. 

Thrips  may  be  fairly  well  controlled  by  spraying  with  nicotine  at 
the  rate  of  three-fourths  of  a  pint  of  a  40  per  cent  solution  to  50 
^llons  of  water  in  which  4  pounds  of  soap  has  been  dissolved.  Use  a 
high-pressure  sprayer  and  hold  the  nozzle  close  to  the  plants,  as 
thrips  often  feed  and  remain  protected  in  the  leaf  sheaths  and 
creases.    Clean  up  weed  patches  near  the  onion  fields  and  rake  to- 

f;ther  and  burn  the  onion  tops  as  soon  as  the  crop  is  harvested. 
he  grower  should  examine  his  onion  plantings  from  time  to  time  in 
order  to  detect  the  earlv  stages  of  the  infestation.  It  is  easier  to  keep 
an  infestation  down  fay  early  treatments  than  to  control  a  heavy 
infestation. 

In  the  northern  part  of  the  United  States  the  onion  maggot 
{Hyl^Tnyia  antiqiui  Meig.)  often  becomes  very  destructive,  especially 
to  small  seedling  onions.  This  pest  is  a  white,  footless  maggot,  the 
larva  or  young  of  a  fly  much  resembling  the  common  house  fly,  and 
is  about  three-eighths  of  an  inch  in  length  when  full  grown.     The 

s  Prepared  by  C.  H.  Popenoe,  Division  of  Truck  Crop  Insects,  Bureau  of  Entomology. 
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eggs  are  laid  by  the  fly  early  in  the  spring,  and  are  placed,  in  the 
case  of  seedling  onions,  on  the  ground  near  the  plant,  or  in  the 
sheaths  of  the  leaves  near  the  ground.  On  hatching,  the  young 
maggot  burrows  into  the  plant  and  bores  through  the  stem  and  bulb, 
easily  killing  small  seedlings.  After  killing  one  plant  it  proceeds  to 
the  next,  thus  causing  many  skips  in  the  row.  When  larger  plants 
are  attacked,  several  larvae  may  be  found  in  the  bulb. 

A  remedy  that  has  been  used  successfully  in  some  sections  consists 
of  treating  the  soil  about  the  plants  with  a  Bordeaux-oil  emulsion. 
The  emulsion  is  best  applied  to  the  onion  rows  by  means  of  a  sprayer, 
the  material  being  directed  to  the  base  of  the  plants.  Enough  of  the 
material  should  be  applied  to  moisten  the  soil  at  the  base  of  the 
plants.  The  Bordeaux-oil  emulsion  may  be  prepared  by  adding 
1%  gallons  of  oil  emulsion,  suitable  for  use  against  orchard  scale 
insects,  to  48^4  gallons  of  1  d  50  Bordeaux  mixture.  Apply  five 
times  at  weekly  intervals,  beginning  when  the  young  plants  are  about 
an  inch  high.  An  effective  treatment  requires  about  115  gallons  of 
the  spray  per  acre. 

Cutworms  are  sometimes  troublesome,  but  are  easily  controlled  by 
the  bran  mash  and  arsenic  bait,  scattered  thinly  wherever  the  young 
seedlings  have  been  found  to  be  cut  off.^ 

PRESENT  STATUS  OF  THE  ONION  INDUSTRY 

Because  of  variations  in  the  cost  of  labor,  tools,  fertilizers,  seed, 
and  other  materials  and  the  many  factors  involved  in  the  production 
of  an  onion  crop  it  is  impossible  to  give  definite  cost  and  profit 
figures.  The  average  yield  of  onions  is  around  290  bushels  to  the 
acre,  but  yields  of  400  to  600  bushels  are  not  uncommon.  The  price 
of  onions  is  extremely  variable  one  year  with  another,  but  on  the 
whole  the  crop  has  proved  profitable  to  the  growers  when  taken  on 
an  average  for  a  period  of  years. 

In  some  sections  onions  are  grown  in  rows  3  feet  apart  and  given 
horse  cultivation,  thus  reducing  the  yield  to  about  150  bushels  on 
an  acre  and  cutting  down  production  costs  in  proportion.  This 
method  of  growing  onions  is  especially  adapted  for  use  on  low- 
priced  land  and  where  hand  labor  is  scarce. 

Both  the  supply  and  demand  for  onions  are  increasing  and  at 
present  bear  about  an  equal  relation  to  each  other.  Some  vears  the 
supply  falls  a  little  short  and  the  prices  go  somewhat  higher,  with 
the  result  that  larger  quantities  are  imported.  The  following  season 
the  plantings  are  generally  heavier,  the  market  may  be  a  little  slow, 
and  the  result  will  be  low  prices  and  a  great  many  people  will  dis- 
continue the  growing  of  onions. 

Prices  of  onions,  especially  the  Texas-grown  Bermuda  onions, 
are  greatly  influenced  oy  importations  of  Egyptian  onions  which 
appear  on  our  markets  about  the  same  time  oi  the  year  that  the 
Bermuda  onions  are  being  marketed.  The  ease  with  which  both  the 
Egyptian  and  the  Spanish  onions  can  be  delivered  to  our  eastern 
markets  as  compared  with  the  long  freight  haul  from  southwestern 
Texas  or  Pacific  Coast  States  renaers  the  position  of  the  American 

*  For  further  Information  write  to  the  Bureau  of  Entomology,  United  States  Department 
of  Agriculture,  Washington,  D.  O. 
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Bermuda  onion  grower  more  or  less  hazardous.  Despite  this  con- 
dition, however,  both  the  Bermuda  and  the  Spanish  omon  industries 
have  become  well  established  in  the  United  States.  The  American 
grower  of  Bermuda  onions  is  still  dependent  upon  the  Canary 
islands  for  his  seed  supply.  In  the  case  of  the  Valencia  or  Spanish 
onion,  a  part  of  the  crop  is  grown  from  imported  seed,  but  American 
seedsmen  are  now  providing  the  greater  part  of  the  seed  supply. 
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THE  ONION,  in  one  or  more  of  its  several  forms, 
has  been  in  use  throughout  all  time  of  which  we 
have  authentic  history.  It  is  of  Old  World  origin, 
but  was  brought  to  North  America  by  the  early  dis- 
coverers and  colonists.  The  onion  is  grown  univer- 
sally in  home  gardens  and  is  one  of  our  important 
market-garden  and  truck  crops.  It  is  adapted  for 
growing  on  a  wide  range  of  soil  types  and  under 
varying  climatic  conditions,  but  requires  a  rich  soil 
and  plenty  of  moisture. 

Onions  are  an  intensive  crop,  their  production 
involving  considerable  hand  labor,  but  yielding  a 
relatively  high  return  per  acre.  Prices  received  by 
the  growers  vary  considerably  from  one  year  to 
another,  but  the  production  of  onions  in  the  United 
States  is  fairly  well  stabilized  and  adjusted  to  mar- 
ket demands. 

Recently  there  has  been  developed  in  several  of 
the  Western  States  a  specialized  industry  in  the  pro- 
duction of  the  Valencia  onion.  The  Bermuda-onion 
industry  of  southern  Texas  and  California  has  been 
expanded  and  extended  to  several  other  sections. 

The  production  and  shipment  of  large  numbers  of 
early  seedling  onion  plants  by  southern  plant  growers 
has  to  a  certain  degree  replaced  the  use  of  onion 
sets  for  planting  in  home  gardens  and  for  a  portion 
of  the  northern  early  market  crop. 
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ONION  CULTURE 


THE  ONION  is  one  of  the  important  market-garden  and  truck 
crops  in  the  United  States  and  is  very  generally  crown  in  home 
gardens.  It  thrives  best  on  alluvial  and  drained  muck  soils  under  a 
temperate  climate,  but  may  be  grown  under  a  very  wide  range  of 
soil  and  climatic  conditions.  Onions  are  grown  to  perfection  on 
the  alluvial  soils  of  the  Nile  Kiver  Valley  m  Egypt,  under  the  sea 
breezes  of  the  South  Sea  Islands,  on  the  delta  lands  along  the  sea- 
coast,  on  sandy  uplands,  in  the  arid  regions  under  irrigation,  and 
on  reclaimed  swamp  lands.  There  is  perhaps  no  extensive  area  in 
the  United  States  or  its  possessions  where  the  onion,  in  one  or  more 
of  its  forms,  can  not  be  successfully  grown,  at  least  for  home  and 
local  use. 

The  onion  is  of  Old  World  origin  and  has  been  used  as  a  food  plant 
from  the  earliest  historic  times.  It  was  an  important  article  oi  diet 
in  Egypt  at  the  time  of  the  building  of  the  pyramids,  and  Moses, 
in  his  account  of  the  exodus  of  the  Children  of  Israel  from  Egypt, 
mentions  it  as  one  of  the  articles  of  food  for  which  the  Israelites 
longed  during  their  sojourn  in  the  wilderness. 

Onions  were  brought  to  North  America  by  the  early  discoverers 
and  became  one  of  the  common  crops  of  colonial  gardens.  Com- 
mercial onion  culture  in  its  present  form  has  developed  mainly  dur- 
ing the  last  40  or  50  years.  Formerly  the  production  of  onions  for 
sale  was  confined  principally  to  the  New  England  States,  but  the 
industry  soon  spread  to  other  sections,  and  when  the  vast  muck  areas 
of  the  Great  Lakes  and  other  regions  were  drained  and  brought 
under  cultivation  the  onion  soon  became  one  of  the  most  important 
crops  on  these  soils. 
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At  present  the  principal  commercial  onion-growinff  centers  are 
located  in  New  England,  especially  in  the  Connecticut  Kiver  Valley, 
in  northern  New  Jersey,  southeastern  New  York,  the  entire  Great 
Lakes  re^on,  and  as  far  west  as  Minnesota.  The  production  of 
Creole  omons  centers  around  New  Orleans,  La.,  and  the  greater  part 
of  the  Bermuda-onion  crop  is  grown  in  southwestern  Texas  and  in 
California.  Within  the  last  few  years  the  production  of  the  mild 
Valencia  onion  has  developed  in  several  of  the  Western  States,  in- 
cluding New  Meidco,  California,  Arizona,  Utah,  Nevada,  Washing- 
ton, and  Oregon.  In  addition  there  are  many  local  areas  in  the 
United  States  where  onions  are  being  grown  in  considerable  quan- 
tities for  the  market. 

The  production  of  several  crops  closely  related  to  the  onion,  such 
as  chives,  shallot,  leek,  and  garlic,  has  been  developed  around  local 
centers,  especially  in  connection  with  market  gardening  near  the 
large  cities.  Garlic  might  be  mentioned  as  an  exception,  because  it 
is  produced  mainly  in  a  few  localities  where  soil  and  climate  are 
especially  suitable  for  its  growth. 

The  present  acreage  and  production  of  onions  in  the  United  States 
are  about  equal  to  market  demands.  During  years  of  short  crops  and 
low  yields  there  is  a  shortage  of  onions  with  consequent  high  prices, 
but  during  years  of  heavy  crops  the  supply,  as  a  rule,  exceeds  the 
demand,  and  frequently  prices  are  too  low  for  profitable  returns  to 
the  grower. 

CLIMATIC  REQUIREMENTS 

For  best  results  a  temperate  climate  without  great  extremes  of 
heat  and  cold  should  be  selected.  Onion  culture  is  rarely  profitable 
in  regions  where  the  climate  does  not  change  or  has  no  definite 
seasons  of  heat  and  cold  or  moisture  and  drought.  The  onion  does 
best  under  rather  cool  conditions,  with  plenty  of  moisture  during 
its  early  stages,  but  requires  a  reasonable  degree  of  heat,  together 
with  dryness  of  both  soil  and  atmosphere,  for  its  proper  ripening. 
Where  the  onion  industry  has  become  established  in  the  extreme 
southern  part  of  the  United  States,  the  growing  season  is  during 
the  late  autimm  and  winter,  the  crop  maturing  during  the  spring 
and  early  summer.  If  the  crop  matures  at  a  time  when  there  is 
considerable  rainfall,  it  will  be  impossible  to  cure  the  bulbs  without 
artificial  means  and  they  will  be  lacking  in  keeping  qualities. 

Certain  types  and  varieties  of  onions,  including  the  top  onions 
and  the  multipliers  or  potato  onions,  are  extremely  hardy  and  may 
remain  in  the  open  ground  throughout  the  winters  of  our  Northern 
States,  especially  if  given  slight  protection.  These  types  are,  how- 
ever, not  adapted  to  growing  for  market,  except  as  green  onions, 
"peelers^"  or  "bunchers,"  to  be  sold  during  the  early  springtime. 
In  certain  sections  of  the  South  Atlantic  coast  region  large  areas 
of  the  top  and  multiplier  onions  are  grown  for  this  purpose.  There 
is  also  a  marked  dinerence  in  the  temperature  requirements  of  the 
standard  commercial  sorts,  some  being  adapted  to  growing  far 
northward,  while  others,  like  the  Bermuda^  Egyptian,  and  Spanish 
types,  (Jo  best  in  restricted  southern  localities. 

The  period  required  for  the  production  of  a  crop  of  onions  will 
depend  upon  the  season,  the  methods  employed  in  growing,  and  the 
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variety.  If  grown  from  seed,  a  period  of  from  130  to  150  days  will 
be  required.  If  from  sets,  tne  crop  often  may  be  matured  in  100 
days.  If  grown  in  the  extreme  northern  part  of  the  United  States, 
where  the  seasons  are  short,  the  crop  will  mature  more  rapidly  than 
to  the  southward.  In  the  case  of  the  Bermuda  onion,  as  grown  in 
Texas,  the  growing  season  extends  from  October  to  the  Allowing 
March  or  April. 

Onions  require  an  abundance  of  moisture  during  the  early  stages 
of  their  growth,  but  should  be  ripened  under  comparatively  dry  con- 
ditions. In  most  sections  the  seed  is  sown  at  a  time  of  the  year  when 
frequent  spring  rains  occur.  Their  period  of  greatest  growth  is  dur- 
ing the  early  part  of  the  summer,  and  the  crop  is  ripened  late  in  the 
summer  when  drying  conditions  may  be  expected.  In  irrigated 
r^ons  the  application  of  water  is  almost  entirely  under  the  control 
01  the  grower.  During  the  active  period  of  growth  the  water  is 
applied  about  once  a  week,  the  soil  being  thoroughly  soaked  and 
the  surplus  water  drawn  off. 

The  amount  of  rainfall  or  irrigation  required  for  the  production  of 
a  crop  of  onions  will  depend  largely  upon  the  character  of  the  soil 
and  its  drainage.  Many  of  the  peat  or  muck  soils  in  which  the  soil 
water  remains  near  the  surface  will  reauire  very  little  rainfall;  in 
fact,  the  best  crops  of  onions  are  produced  on  these  soils  during 
seasons  of  comparatively  light  but  evenly  distributed  rainfall.  Sandy 
and  loose  soils  generally  will  require  a  greater  amount  of  water, 
especially  during  the  early  part  of  the  season. 

SOILS  ADAPTED  TO  ONION  CULTURE 

The  essential  requirements  of  a  soil  upon  which  to  grow  onions 
profitably  are  a  high  state  of  fertility,  ^ood  mechanical  condition  in 
order  that  the  crop  may  be  easily  worked,  sufficient  drainage,  and 
freedom  from  weeds.  If  a  soil  has  the  proper  mechanical  proper- 
ties— that  is,  if  it  contains  sufficient  sand  and  humus  to  be  easily 
worked,  is  retentive  of  moisture  and  fertilizers,  and  is  capable  of 
drainage — all  other  requirements  can  be  met.  At  least  three  types 
of  soil  are  being  extensively  planted  to  onions  in  this  country,  the  one 
common  essential  being  proper  mechanical  condition. 

Clay  and  alluvial  loam  soils  abound  in  the  river  valley  and  delta 
regions  near  the  coast.  These  soils  are  generally  very  fertile,  but 
may  require  the  addition  of  humus  or  stable  manure  in  order  to 
lighten  them.  The  greatest  difficulty  encountered  in  growing  onions 
upon  land  of  this  character  is  the  tendency  of  the  soil  to  run  together 
and  bake  after  hard  rains.  This  is  especially  injurious  after  the  seed 
has  been  sown  and  before  the  small  plants  have  attained  sufficient 
size  to  permit  of  stirring  the  soil  about  them.  Where  these  soils  con- 
tain considerable  sand  they  are  ideal  for  onion  culture.  It  is  upon 
this  class  of  soil  that  the  greater  part  of  the  Bermuda,  Spanish,  and 
E^ptian  onions  are  grown. 

Sandy  soils,  especially  where  underlain  by  a  well-drained  clay 
subsoil,  are  often  well  adapted  to  onions.  Soils  of  this  character 
generally  require  heavy  applications  of  fertilizers  before  they  will 
produce  a  paying  crop,  but  the  quality  of  the  product  is  excellent. 
Onions  grown  on  sandy  loams  are  generally  solid,  heavy,  and  of 
excellent  keeping  quality.    Where  sandy  soils  are  lacking  in  humus 
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this  may  often  be  applied  by  means  of  crops  of  legumes  grown  upon 
the  land  and  plowed  under. 

Throughout  the  north-central  part  of  the  United  States  there  are 
vast  tracts  of  peat  or  muck  soils  that  are  capable  of  producing 
onions.  Before  planting  to  onions,  however,  these  soils  must  be 
cleared,  drained,  and  brought  to  a  suitable  state  of  cultivation.  In 
many  cases  this  process  will  require  two  or  three  years'  time,  but 
sometimes  the  soil  can  be  broken  during  the  early  wmter,  allowed  to 
lie  exposed  to  the  action  of  frost,  then  worked  down  and  planted  to 
onions  the  following  spring.  Some  of  the  largest  onion  farms  are 
located  on  muck  lands.  The  store  of  plant  food  in  muck  soil  is 
usually  large,  but  often  it  is  not  in  available  condition,  and  heavy 
applications  of  manure  and  commercial  fertilizers,  especially  super- 
pnosphate  and  potash,  are  essential  to  profitable  crops. 

CULTURAL  METHODS 

The  onion  belongs  to  that  class  of  crops  which  gives  best  results 
under  very  intensive  culture,  and  the  greatest  yields  are  secured 
where  a  moderate  acreage  is  planted  and  the  work  conducted  in  a 
most  thorough  manner.  There  is  nothing  technical  about  the  grow- 
ing of  onions,  but  close  attention  and  frequent  cultivation  are  essen- 
tial. Once  the  weeds  get  a  start,  the  cost  of  production  will  be 
greatly  increased,  or  the  crop  may  be  lost  altogether, 

PREPARATION  OF  NEW  LAND 

As  a  general  rule  new  land  is  not  adapted  to  onion  growing  until  it 
has  been  worked  one  or  two  years  with  other  crops.  Onions  should 
follow  some  row  crop  that  has  been  kept  free  from  weeds  the  previous 
season.  Corn,  beans,  and  potatoes  are  suitable  crops  with  which  to 
precede  onions.  Muck  and  sandy  soils  may  in  some  cases  be  brought 
to  a  suitable  condition  for  onions  the  first  season,  but  the  fitting  will 
have  to  be  very  thoroughly  performed.  The  land  should  be  plowed 
in  the  autumn,  then  replowed  in  the  spring,  after  which  numerous 
harrowings  and  doubtless  some  hand  work  will  be  required  to  get 
the  soil  in  suitable  shape. 

If  necessary  to  manure  the  land  heavily  before  planting  to  onions, 
it  will  be  desirable  to  plant  to  some  farm  crop  one  season,  then  apply 
the  manure  during  tne  autumn  in  order  to  give  it  time  to  become 
incorporated  with  the  soil.  Owing  to  the  value  of  good  onion  land 
it  would  not  be  advisable  to  devote  it  to  general  farm  crops  for  any 
extended  period,  although  corn  is  frequently  planted  and  oats  or  rye 
are  sometimes  used  in  tne  North.  Cowpeas  may  be  of  great  service 
in  bringing  new  land  into  shape  for  planting  to  onions. 

CROP  ROTATION 

Onions  should  not  be  planted  on  the  same  piece  of  land  year  after 
year,  but  some  system  oi  crop  rotation  should  be  maintained.  Care 
should  be  taken,  however,  to  use  crops  in  the  rotation  that  will  not 
be  exhaustive  of  the  high  fertility  necessary  in  the  onion  land.  Dur- 
ing the  years  when  the  land  is  not  devoted  to  onions  it  can  be  planted 
to  some  truck  crop  that  will  give  a  return  that  will  justify  the  appli- 
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cation  of  large  quantities  of  fertilizers,  or,  better,  to  a  leguminous 
crop  to  be  turned  under  as  green  manure.  Continuous  cropping  with 
onions  will  cause  the  land  to  become  infested  with  both  disease  and 
insect  enemies  that  will  sooner  or  later  injure  the  crop  to  such  an 
extent  as  to  render  it  unprofitable. 

PREPARATION  OF  THE  SOIL 

Assuming  that  the  land  intended  for  planting  to  onions  is  capable 
of  being  brought  to  a  good  mechanical  condition,  is  fertile^  well 
drained,  and  reasonably  free  from  weed  seeds,  the  first  step  m  the 
production  of  the  crop  will  be  to  plow  moderately  deep,  then  harrow, 
disk,  roll,  and  drag  until  the  sou  is  smooth  and  mellow  to  a  depth 
of  5  to  7  inches.  'Hie  method  of  preparing  the  soil  will  depend  some- 
what upon  its  character,  the  manner  of  planting  to  be  followed,  and 
the  requirements  for  irri^tion.  There  are  few  truck  or  other  crops 
that  require  so  careful  fitting  of  the  soil  as  do  onions,  and  it  is  essen- 
tial that  the  fertilizers  be  well  mixed  with  the  soil. 

On  soils  that  are  naturally  well  drained  and  where  surface  water 
can  not  acciunulate,  the  plowing  may  be  done  in  lar^e  blocks,  but 
where  the  opposite  conditions  are  found  or  irrigation  is  practiced  it 
may  be  necessary  to  plow  the  land  in  narrow  beds.  In  the  case  of 
insufficient  drainage  it  will  be  desirable  to  throw  the  soil  into  beds, 
leaving  double  furrows  between  the  beds  to  carry  oflf  surplus  water. 
Where  the  flooding  system  of  irrigation  is  practiced  the  beds  must 
be  leveled  and  a  system  of  ditches  and  ridges  provided  for  distrib- 
uting and  controlling  the  water.  Where  it  is  merely  desired  to  secure 
surface  drainage  the  beds  may  be  from  75  to  150  feet  in  width,  but 
for  irrigation  purposes  the  beds  are  generally  but  12  or  15  feet  in 
^dth.  If  sprmg  plowing  is  practicea  the  soil  should  be  harrowed 
closely  behind  the  plow  in  order  to  prevent  drying  out. 

For  cutting  and  pulverizing  the  soil  there  is  perhaps  no  tool  as 
serviceable  as  the  disk  harrow.  There  is  a  type  of  disk  having  four 
gangs,  in  two  sets,  one  combination  in  front  of  the  other  and  so 
arranged  that  the  soil  is  first  turned  to  the  center  and  then  turned 
outward  again  by  means  of  the  rear  combination.  This  tool  turns 
the  soil  twice  and  leaves  it  in  a  level  condition.  For  smoothing  and 
leveling  the  soil  behind  the  plow  a  harrow  of  the  type  shown  in  Fig- 
ure 1  is  very  desirable ;  this  tool  not  only  levels  but  turns  and  crushes 
the  soil  at  the  same  time. 

Oi  land  that  has  been  plowed  during  the  autumn  and  requires 
replowing  in  the  spring,  a  device  of  the  type  shown  in  Figure  2  will 
answer  and  will  do  the  work  more  rapidly  than  the  plow.  This  tool 
is  especially  adapted  to  bedding  up  land  that  has  been  previously 
plowed. 

For  imparting  the  final  smoothing  touch  to  the  soil  before  planting 
there  is  a  device  consistiujg  of  a  large  number  of  small  disks  set  in  a 
wooden  frame  (fig.  3)  which  does  about  the  same  work  as  a  steel  rake. 
but  in  a  rapid  manner.  A  drag  or  float  made  from  several  pieces  oi 
scantling  nailed  together  may  be  used  for  this  purpose,  or  if  the  soil 
is  very  loose  a  roller  should  be  rim  over  it.  The  final  leveling  should 
be  performed  with  a  tool  that  will  fill  and  obliterate  all  tracks  or 
other  depressions  in  the  soil,  leaving  a  smooth,  even  seed  bed  for 
either  seed  sowing  or  transplanting. 
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FBRT1LIZEK8 

As  the  onion  is  an  intensive  crop  and  should  yield  great  quantities 
of  marketable  bulbs  for  the  area  planted,  the  grower  is  justified  in 
fertilizing  heavily.  It  would  be  difficult  indeed  to  make  the  soil  too 
rich  for  onions,  provided  the  manures  are  thoroughly  incorporated 
with  the  soil.  A  heavy  application  of  fresh  raw  manure  just  before 
planting  would  have  an  injurious  effect,  but  where  the  manure  is 
well  rotted  and  uniformly  applied  there  is  nothing  to  be  feared. 

AHtUAL  U&miBES 

There  is  perhaps  no  fertilizer  so  well  adapted  to  the  production  of 
onions  as  plenty  of  disease-free,  well-composted  stable  manure,  and 
the  quantity  and  frequency  of  application  will  depend  upon  the 
nature  of  the  land  under  cultivation.  The  Bermuda-onion  growers 
of  southwestern  Texas  apply  as  high  as  20  tons  of  sheep  and  goat 
manure  to  an  acre  every  three  years.    In  addition  to  uie  manure 


Fiauui  1. — Harrow  for  amooCblng  and  levellDE  tbe  loll  b«blad  the  plow 

there  is  used  1,000  to  2,000  pounds  of  cottonseed  meal  or  commercial 
fertilizer,  and  sometimes  a  top-dressing  of  nitrate  of  soda.  This 
sheep  and  goat  manure,  from  animals  that  are  fed  largely  on  cotton- 
seed meal,  is  saved  in  the  corrals  in  a  climate  where  there  is  very 
little  rain,  and  contains  the  essential  fertilizing  ingredients  in  very 
high  percentages.  The  manure  is  first  piled  where  a  little  water  can 
be  thrown  over  it  and  it  is  composted  for  several  months  before 
spreading  on  the  land.  The  best  results  from  this  manure  are  not 
realized  until  the  second  or  even  the  third  year  after  its  application. 
All  stable  manure  used  on  onion  land  should  be  well  composted 
before  use  and  then  spread  upon  the  land  several  months  before 
planting  to  onions.  In  the  Northern  States  the  manure  may  be  ap- 
plied during  the  autumn  and  well  disked  into  the  soil.  The  land 
can  then  be  allowed  to  lie  in  the  rough  state  and  exposed  to  the 
action  of  frost  during  the  winter,  or  it  can  be  smoothed  and  seeded 
to  rye,  in  which  case  it  will  be  necessary  to  replow  early  in  spring. 
In  the  Bermuda  district  the  manure  should  be  applied  during  the 
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spring  and  the  land  kept  frequently  Btirred  during  the  summer,  with 
occasional  irrigations  in  order  to  incorporate  the  manure  and  destroy 
weeds;  the  pluiting  is  not  done  until  toe  autumn.  Another  practice 
in  the  Bermuda  district  is  to  apply  fresh  manure  broadcast  at  the 
rate  of  10  to  12  tons 
to  the  acre  during 
the  spring,  then 
plant  to  com  and 
cultirate  through 
the  early  summer, 
and  add  a  top-dress- 
ing of  well-rotted 
manure  after  plow- 
ing the  land  for 
onions  in  the  au- 
tumn. This  top- 
dressing  should  be 
"Well  worked  into 
the  soil  by  means 
of  disk  harrows. 
Laree  quantities  of 
fre^  manure  ap- 
plied on  onion  land 
}iist  before  planting 
will  have  a  tend- 
ency  to    produce  an  Fwcm  2.— DIbK  plow  med  (or  reOtllDE  land 

overgrowth  of  tops 

at  the  expense  of  tne  bulbs.   This  is  especially  true  on  irrigated  lands 

and  soib  that  are  naturally  moist. 


A  fertilizer  that  is  suited  to  the  growing  of  potatoes  will  serve 
quite  well  for  onions,  but  the  potash  should  perhaps  be  supplied  in 
the  form  of  muriate  rather  than  of  sulphate.  A  fertilizer  adapted 
to  the  growing  of  onions  should  contain  4  to  5  per  cent  of  nitrogen, 
8  to  10  per  cent  of  phosphoric  acid,  and  8  to  10  per  cent  of  potash. 


FiODta  S. — Device  tued  for  smootblDi  aoU  befors  BMdlng 

A  fertilizer  of  this  character  will  cost  $40  to  $45  a  ton  and  can  be 
profitably  applied  at  the  rate  of  1,000  pounds  to  the  acre  on  most 
soils.  Where  very  intensive  cultivation  is  practiced  it  may  be  profit- 
able to  apply  as  much  as  a  ton  to  the  acre  in  addition  to  stable 
manure. 
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Commercial  fertilizers  should  be  applied  shortly  before  sowing 
the  seed  and  should  be  uniformly  distributed  and  thoroughly  worked 
into  the  soil.  There  are  fertilizer  distributors  that  scatter  the  fer- 
tilizer broadcast,  but  where  an  amount  not  exceeding  1,000  pounds 
of  fertilizer  to  the  acre  is  being  used  the  work  of  distribution  may 
be  performed  by  means  of  a  common  grain  drill  having  a  fertilizer 
attachment.  On  a  small  scale  the  work  is  generally  performed  by 
hand. 

Many  growers  follow  the  practice  of  applying  only  a  part  of  the 
fertilizer  at  planting  time,  reserving  the  balance  to  be  put  on  as  a 
top-dressing  at  sonje  time  during  the  period  of  cultivation.  This 
plan  is  especially  desirable  where  onions  are  grown  during  the  win- 
ter, as  the  application  of  highly  nitrogenous  fertilizers  in  the  autumn 
is  liable  to  promote  a  soft  growth  that  will  be  injured  by  cold.  If 
the  fertilizer  is  not  put  on  until  cold  weather  is  over,  the  crop  may  be 
forced  without  danger  of  injury.  For  this  purpose  only  tnose  fer- 
tilizers of  a  very  available  form  will  answer.  Nitrate  of  soda  is 
frequently  used  as  a  top-dressing  during  the  height  of  the  growing 
period. 

PLANTING 

Most  of  the  onions  grown  in  the  United  States  are  started  from 
seed.  Propagation  from  seed  is  conducted  by  three  more  or  lesj 
distinct  methods:  (1)  By  sowing  the  seed  in  the  rows  where  the 
crop  is  to  grow  and  mature;  (2)  by  sowing  the  seed  in  specially 
prepared  beds  and  transplanting  the  seedlings  to  the  open  ground : 
and  (3)  by  first  growing  sets  from  seed  and  then,  after  keeping  them 
througn  the  winter,  planting  them  in  the  field  to  produce  the  crop 
of  mature  bulbs.  Or  these  three  methods  the  one  nrst  mentioned  of 
seeding  in  the  rows  where  the  crop  is  to  mature  is  the  one  most  used 
on  a  very  large  scale. 

SEEDING  IN  BOWS 

In  the  northern  onion-growing  districts  the  seed  is  sown  as  early 
in  the  spring  as  the  soil  can  be  brought  to  the  proper  condition. 
While  it  is  desirable  to  plant  quite  early,  it  never  pays  to  sow  the 
seed  before  the  land  is  m  the  best  possible  condition.  When  the 
soil  has  been  brought  to  a  smooth,  even  surface  and  is  fine  and  mel- 
low, the  seed  is  sown  by  means  of  a  common  seed  drill,  of  which 
there  are  several  makes  on  the  market.  The  hand  drills  which  sow 
one  row  at  a  time  are  extensively  employed,  but  many  of  the  larger 
growers  employ  a  gang  of  drills  hitched  together  and  plant  from 
five  to  seven  rows  at  once.  In  heavy  or  moist  soils  the  depth  to 
cover  the  seed  should  not  be  more  than  one-half  to  three-fourths 
inch,  while  on  loose  and  sandy  soils  the  seed  may  be  covered  about 
an  inch. 

Where  hand  cultivation  is  practiced  throughout,  the  usual  distance 
between  rows  is  12  to  16  inches.  Where  horse  culture  is  employed  the 
distance  between  rows  varies  between  24  and  36  inches.  The  Quantity 
of  seed  required  to  plant  an  acre  will  depend  both  upon  the  distance 
between  rows  and  the  purpose  for  which  the  onions  are  being  grown. 
For  the  growing  of  standard  market  onions  in  rows  14  inches  apart, 
about  4^  pounds  of  first-class  seed  will  be  required.  With  the  rows 
3  feet  apart,  but  1^  to  1%  pounds  will  be  necessary.    Where  it  is 
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desired  to  produce  small  onions  for  pickling  purposes,  the  amount  of 
seed  may  be  as  great  as  25  pounds  to  an  acre.  GKkkI  seed  is  essential, 
and  if  there  is  any  doubt  regarding  the  vitality  of  the  seed  it  shoula 
be  tested  before  planting  by  counting  and  planting  400  or  500 
seeds  in  a  window  box  and  then  determining  the  germination  by 
counting  the  seedlings  after  10  days*  or  2  weeks'  time.  First-class 
seed  is  seldom  sold  at  a  low  price  and  good  seed  at  $1.50  or  even  $2.50 
a  pound  may  be  cheaper  in  the  end  than  poor  seed  at  50  cents.  Old 
and  inferior  seeds  are  not  only  low  in  percentage  of  germination,  but 
lack  the  vitality  necessary  to  produce  strong,  healthy  plants.  There 
are  dealers  who  make  a  specialty  of  securing  and  nirnishing  extra- 
quality  onion  seed,  and  wnile  their  prices  are  often  somewhat  above 
tne  general  market  the  seed  furnished  by  them  is  preferable  to 
ordinary  seed. 

Experienced  growers  are  able  by  using  extreme  care  in  regulating 
the  drills  to  distribute  onion  seed  in  rows  where  the  crop  is  to  mature 
so  that  little  thinning  will  be  necessary.  Thinning  is  generally  left 
until  the  time  of  the  first  hand  weeding,  when  all  thick  bunches 
along  the  rows  are  thinned  to  a  imiform  stand  of  8  or  10  plants  to 
the  loot.  It  is  always  well,  however,  to  allow  for  considerable 
loss  of  plants,  and  unless  the  plants  are  so  thick  as  to  actually  crowd, 
thinning  will  not  be  necessary. 

TRANSPLANTING  METHOD  OF  GBOWINO  ONION3 

The  transplanting  process  is  merely  a  modification  of  the  regular 
seeding  method.  The  objects  gained  by  transplanting  are  an  earlier 
crop,  a  uniform  stand,  and  bulbs  of  more  regular  size.  Practically 
the  entire  crop  of  Bermuda-tvpe  onions  grown  in  the  United  Stat^ 
is  handled  in  this  manner.  Where  a  small  area  is  to  be  grown,  the 
transplanting  process  is  the  ideal  method,  but  for  large  acreages 
where  labor  is  difficult  to  obtain  this  would  not  be  practical.  After 
transplanting,  the  seedlings  will  require  rain  or  watering,  and  for 
this  reason  the  transplanting  process  is  practically  limited  to  areas 
where  some  form  of  irrigation  is  available. 

In  growing  onions  by  the  transplanting  method  the  seed  is  sown 
in  greenhouses,  hotbeds,  coldframes,  or  specially  prepared  beds  at 
the  rate  of  3^  or  4  pounds  for  each  acre  tq  be  planted.  Onion 
seedlings  are  now  being  grown  in  great  quantities  by  southern  plant 
growers  and  are  shipped  to  northern  onion  growers.  When  the 
seedlings  are  grown  under  cover,  they  are  given  the  necessary  at- 
tention regarding  watering  and  ventilation  and  kept  growing  quite 
rapidly  until  near  the  time  for  setting  them  in  the  open  ground. 
As  planting  time  approaches,  the  seedhngs  are  ^  hardened ''  or  pre- 
pared for  transplanting  by  increased  ventilation  and  exposure  and 
by  withholding  water.  When  ready  to  transplant,  the  seedlings 
should  be  somewhat  smaller  than  a  lead  pencil  and  rather  stocl^. 
The  plants  are  lifted  from  the  seed  bed  and  the  roots  and  tops  both 
trimmed  somewhat,  as  shown  in  Figure  4.  They  are  then  packed 
neatly  in  shallow  boxes  for  removal  to  the  field  where  they  are  to 
be  planted. 

Various  methods  are  employed  for  handling  the  plants  in  setting. 
As  a  rule,  a  line  is  used  and  the  land  marked  to  indicate  the  location 
of  rows.    Several  methods  are  employed  for  marking  the  distance 
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between  plants  in  the  rows.  A.  marking  device  much  used  by  tbe 
Bermuda-onion  growers  in  Texas  consists  of  a  sectional  roller  with 
the  sections  the  same  distance  apart  as  the  distance  between  the  rows 
find  each  section  provided  with  conical  pins  to  form  the  holes  in 
which  the  plants  are  set.  The  objection  to  the  sectional  roller  marl«r 
is  that  it  can  not  easily  be  drawn  in  a  straight  line  and  straight  rows 
are  essential  to  good  cultivation. 

After  marking  the  land,  the  plants  are  dropped  ahead  of  the 
planters,  or  they  may  be  kept  in  the  trays  and  simply  removed  as 
planted.  The  trans- 
planting process  con- 
sists mamly  in  pushing 
the  root  end  of  the 
seedling  into  the  soil 
with  on©  finger  and 
then  firming  the  soil 
about  the  plant.  This 
work  is  very  laborious 
and  can  only  be  per- 
formed economically 
by  very  cheap  labor. 
A  small  plow,  such  as 
is  generally  included 
with  the  attaclunents 
of  the  wheel  hoe  (fig. 
5),  is  often  employed 
for  opening  a  furrow 
in  which  to  set  the 
small  onion  plants.  As 
the  plants  are  set  the 
soil  is  either  drawn 
about  them  by  hand,  or 
the  plow  may  again  be 
used  for  this  purp«ise. 
In  the  Bermuda-onion 
district  the  work  of 
transplanting  is  as  a 
rule  done  by  contract. 
In  transplanting,  all  inferior  plants  should  be  rejected,  thus  insur- 
ing a  more  nearly  perfect  stand  and  development. 


I    pUntB   trimmed   ready   1 


The  use  of  sets  is  still  another  modification  of  the  regular  seed- 
ling method,  in  which  the  seed  is  planted  one  year  to  form  the  sets 
from  which  to  grow  a  crop  of  mature  onions  the  following  year. 
Like  the  transplanting  process  the  use  of  sets  is  limited  in  its  appli- 
cation. Onions  grown  from  sets  will  ripen  earlier  than  those  from 
seed  sown  in  the  field,  but  the  use  of  sets  for  commercial  onion 
growing  is  not  so  practical  as  transplanting  seedlings,  because  of 
the  high  cost  of  sets.  In  planting  onion  sets  a  furrow  about  2  inches 
deep  IS  opened,  the  sets  being  dropped  about  3  inches  apart  and 
firmly  covered.  The  quantity  of  sets  required  to  plant  an  acre  will 
depend  upon  their  individual  size  and  planting  £gtances,  but  it  is 
generally  between  15  and  23  bushels. 
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CULTIVATION 

The  cultural  requirements  of  the  onion  are  frequent  shallow  stir- 
ring of  the  soil  and  freedom  from  weeds.  The  feeding  roots  of  the 
onion  run  close  to  the  surface  of  the  soil  and  should  not  be  disturbed 
by  deep  cultivation.  Sometimes  a  heavy  rain  immediately  after 
seeding  will  so  pack  the  surface  that  the  seedlings  can  not  break 
through.  Under  such  circumstances  it  will  be  necessary  to  slightly 
break  the  surface  by  means  of  a  steel  rake  or  a  rakelike  attachment 
on  a  cultivator.  As  soon  as  the  plants  are  up  and  the  rows  can  be 
followed  the  cultivator  should  be  started  to  loosen  the  soil,  which  is 
always  more  or  less  compacted  during  seeding. 

HAND  CULTIVATION 

Where  the  rows  are  14  inches  or  less  apart,  the  work  of  caring 
for  the  crop  must  all  be  done  by  hand.  For  this  purpose  the  wheel- 
hoe  tools  of  various 
types  are  essential. 
These  implements 
are  provided  with 
several  kinds  of 
hoes,  cutters,  and 
sweeps  desired  to 
work  the  soil  away 
from  the  plants,  to 
shave  the  surface 
and  destroy  weeds, 
and  to  stir  the  soil 
and  work  it  back 
around  the  plants. 
Onions  grown  on 
muck  and  alluvial 
soils  will  require 
from  8  to  14  work- 
ings with  the  wheel-hoe  implements;  on  sandy  soils  it  will  not  be 
necessary  to  cultivate  so  frequently. 

Several  types  of  wheel  hoe  are  in  use,  but  those  having  a  single 
wheel  and  passing  between  the  rows  are  most  desirable.  Those  of 
the  type  shown  in  Figure  5  are  good.  Many  growers  have  designed 
ial  implements  to  suit  the  requirements  of  their  soils;  two  of 
these  are  snown  in  Figure  6,  the  one  designed  to  cut  the  soil  away 
from  the  row  and  the  other  to  stir  and  work  the  soil  back  to  the 
row.  Some  of  the  growers  in  the  onion  fields  near  Chicago  have 
adopted  a  hoe  stock  consisting  of  a  pair  of  light  plow  handles,  an 
iron  stock,  and  the  front  wheel  of  a  bicycle.  To  the  stock  of  this 
device  may  be  attached  almost  any  form  of  sweep  or  cutter,  and  the 
implement  is  exceptionally  easy  to  propel.  The  wide  distance 
between  the  handles  places  the  implement  well  under  the  control  of 
the  operator.  Figure  7  gives  an  idea  of  the  general  appearance  of 
this  implement. 

H0B8B  CULTEYATION 

In  sections  where  onions  are  grown  on  a  soil  that  is  not  well 
adapted  to  hand  culture  the  rows  are  placed  30  to  36  inches  apart 


FiGCRB  5. — Wheel  hoe  adapted  to  working  onions 
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and  the  cultivation  is  performed  liy  means  of  horse-drawn  tools. 
This  is  particularly  true  where  onions  are  grown  on  the  black  waxy 
soils  of  Texas  and  other  soils  of  the  prairie  type.     As  with  hand 


Fiuuui:  S. — Special  wbcel  hota  tot  culllvallag  onlaDg 

culture,  frequent  shallow  stirring  of  the  soil  is  essential,  the  work 
generally  being  performed  with  one  of  the  harrow-tooth  cultivators. 
Those  of  the  type  shown  in  Figure  8  are  well  adapted  to  this  work. 

An  implement 
known  as  a  weeder 
can  be  used  for 
breaking  the  sur- 
face before  the 
seedlings  appear ; 
also  for  general 
cultivation  by  re- 
moving a  tooth  at 
the  pomt  where  the 
rows  are  located. 


It    is    well-nigh 
impossible  to  pro- 
duce    a     crop     of 
onions    without 
FiauKE  I.— uiKti  whwi  type  o(  hoe.    (Pat^aied)  some   hand    Weed- 

ing. During  favor- 
able seasons  the  strictly  handwork  may  be  reduced  to  but  one  or  two 
weedings,  but  a  greater  number  will  be  necessary  during  rainy  sea- 
sons.   Each  handweeding  will  cost  from  $5  to  $12  an  acre,  according 
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to  wages  paid  and  the  number  of  weeds  present.  The  work  of  hand 
weeding  may  be  facihtated  by  the  use  of  some  of  the  small 
hand  tools  designed  for  the  purpose.  Among  these  tools  might 
be  mentioned  the  onion  hoe  (fig.  9),  the  hand  weeder  (fig.  lU), 
and  the  thinning  ^  I 

or  weeding  hook 
(fie.  11).  Girls 
and  boys  are  ex- 
pert  at  hand 
weeding,  the  prac- 
tice being  to  work 


^Trrm 


wages  paid  for  this  class  of  work  are  $1.50  to 


Outside  of  the  areas  where  irrigation  methods  are  depended  upon 
for  the  production  of  general  crops  it  is  not  customary  to  use  arti- 
ficial watering  in  the  growing  of  onions.  In  a  few  cases  the  land  has 
been  equipped  with  overhead  sprinkling 
^sterns  which  are  employed  to  moisten 
the  soil  after  the  seed  is  planted  and  also 
during  extremely  dry  weather.  On  peat 
and  muck  soils  the  young  seedlings  are 
frequently  lost  by  the  dry  muck  blowing 
with  the  nigh  winds  of  early  spring.  In 
this  way  a  part  of  the  field  may  have 
the  soil  blown  off  to  such  an  extent  that 
the  plants  will  be  left  without  soil  about 
them,  while  other  portions  of  the  field  will 
be  covered  by  1  or  2  inches  of  loose  muck. 
The  use  of  a  small  quantity  of  water 
sprayed  over  the  field  will  sometimes  pre- 
vent this  shifting  of  the  soil  during  a 
windstorm  but  wm  not  prevent  the  accu- 
mulation of  muck  blown  on  to  the  plants 
from  adjacent  nonirrigated  areas.  Sandy 
soils  are  also  subject  to  the  action  of 
winds  to  a  greater  or  less  extent,  and 
losses  may  be  prevented  by  the  timely  ap- 
plication of  water  over  tlie  surface.  In  a  few  instances  subirriga- 
tion  is  employed  in  the  growing  of  onions. 

Throughout  the  Bermuda  district  of  the  Southwestern  States 
surface  irrigation  is  almost  universally  employed.  The  Bermuda 
onions  are  planted  mostly  in  comparatively  level  beds  with  dividing 
ridges  and  are  flooded  once  each  week  or  10  days  during  the  growing 
period.    About  a  week  before  the  plants  ar§  set  the  soil  is  flooded 
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and  then  worked  over  with  disk  and  smoothing  harrows  just  ahead 
of  the  planters.  Within  a  day  or  two  after  planting  the  land  is 
again  flooded  and  the  surface  water  drawn  onj  this  process  is  re- 
peated, with  alternate  cultivations,  as  often  as  required.  Toward 
the  end  of  the  growing  season  the  water  is  withheld  to  allow  the 
bulbs  to  ripen.  As  a  rule  about  10  waterings  in  all  are  required,  at 
a  cost  of  about  $2,50  an  acre  for  each  watering,  or  $25  per  acre 
altogether.  Figures  12  and  13  give  a  good  idea  of  the  methods  of 
applying  the  water  in  the  Bermuda-onion  growing  district. 

In  the  principal  Bermuda-onion  growing  districts  the  water  for 
irrigation  purposes  is  obtained  only  after  the  expenditure  of  then- 
sands  of  dollars  for  pipe  lines  and  pumping  machinery.     The  cost 
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of  watering  as  given  above  does  not  include  any  share  of  the  original 
cost  for  installation  or  water  charges,  but  covers  only  the  labor. 

HARVESTING  AND  CURING 

In  the  northern  onion  districts  the  crop  ripens  and  is  harvested 
during  the  latter  part  of  the  summer  and  early  autumn.  As  a  rule 
the  work  of  harvesting  onions  begins  late  in  July  and  is  practically 
completed  and  the  crop  housed  before  October.  In  the  Southern 
States,  where  the  crop  is  grown  during  the  winter,  the  harvesting 
and  marketing  period  is  during  the  spring  and  is  practically  ended 
before  the  northern  product  comes  upon  the  market. 

In  the  North  the  bulbs  are  allowed  to  become  as  ripe  as  possible 
before  removing  ^em  from  the  soil.    Growers  prefer  that  the  tops 
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ripen  down  and  shrivel  and  that  the  outer  skin  of  the  bulbs  be  dry 
before  they  are  pulled.  Figure  14  shows  a  field  of  onions  in  prime 
condition  for  gathering.  To  the  southward,  where  the  onions  are 
not  cured  so  thoroughly,  they  are  often  pulled  about  the  time  that 
the  tops  begin  to  break  and  fall.  The  ripening  process  often  may 
be  hastenea  by  rolling  a  very  light  roller  or  a  oarrel  over  the  tops 
to  break  them  down.  This  process  is  frequently  spoken  of  as 
"  barreling." 

Where  the  bulbs  are  practically  upon  the  surface  they  may  be 
pulled  by  hand  and  thrown  in  windrows  consisting  of  8  or  10  onion 
rows.  If  the  onion  bulbs  are  considerably  covered  with  soil  it  will 
be  necessary  to  employ  a  1-horse  plow  or  a  cultivator  with  a  sweep 
attached  for  lifting  them.    In  any  case  it  will  be  necessary  to  gather 
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them  from  the  soil  by  hand.  After  lying  in  the  windrows  for  sev- 
eral days  and  being  stirred  occasionally  with  wooden  rakes,  the  tops 
are  removed  eitherny  twisting  or  cutting  with  ordinary  sheep  shears. 
In  eases  where  very  bright  color  is  important,  as  with  fancy  White 
Globe  onions,  and  this  would  be  injured  by  exposure  to  the  sun  and 
rain,  the  bulbs  are  cured  in  long,  narrow,  low  ricks  formed  by 
placing  several  rows  of  onions  laid  with  the  bulbs  to  the  center  and 
the  tops  to  the  outside  to  protect  the  bulbs.  As  the  tops  are  removed 
the  bulbs  are  generally  placed  in  crates  for  drying.  Onion-topping 
machines  frequently  are  employed,  the  bulbs  being  hauled  from  the 
iield  to  a  central  location  and  run  through  the  topper.  These  ma- 
chines remove  the  tops,  grade  the  bulbs,  and  deliver  them  into  the 
erates  or  bags.  If  crates  are  not  employed  for  curing,  the  bulbs  are 
allowed  to  lie  in  the  windrows  for  some  time,  and  are  then  either 
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put  into  sacks  or  hauled  to  slat  cribs,  where  the  curing  process  is 
completed.  Too  long  exposure  to  hot  sunshine  will  injure  the  bulbs. 
Figure  15  shows  a  field  of  onions  drying  in  windrows,  with  crates 
ready  for  their  removal  from  the  field. 
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After  gatliering  into  crates,  the  crates  are  either  stacked  in  the 
field,  hauled  to  a  central  stacking  yard  where  they  are  covered  with 
boards  or  canvas,  or  hauled  to  open  sheds  and  there  piled  one  upon 
the  other  with  numerous  air  spaces  until  the  onions  are  thoroughly 
cured. 
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Where  the  bulbs  are  extremely  dry  at  the  time  of  their  removal 
from  the  soil,  they  may  be  allowed  to  lie  in  the  windrows  for  »  few 
days  only,  and  then  sorted  and  cleaned  in  the  field  ready  for  packing 
and  marketing.    Where  onions  are  put  into  sacks  and  afterwards 
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allowed  to  remain  in  the  field,  the  sacks  should  be  supported  on  poles 
laid  on  the  ground,  as  shown  in  Figure  16. 

In  the  Bermuda-onion  districts,  where  only  a  short  curing  process 
is  ^ven  to  the  crop,  it  is  the  practice  to  pack  and  load  into  the 
cars  as  soon  as  possible  after  pulling  and  topping.  When  the  ship- 
ping is  at  its  height,  it  is  not  uncommon  for  onions  that  are  pulled 
from  the  soil  in  the  morning  to  be  in  the  cars  and  on  their  way  to 
market  by  evening;  however,  a  portion  of  the  crop  is  given  a  more 
thorough  curing  process,  and  the  entire  crop  would  be  benefited  by 
at  least  two  days  of  curing  before  shipment. 
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In  order  that  onions  should  keep  well  when  stored  they  must  be 
well  ripened  and  thoroughly  cured.  "  Thick  necks  "  or  those  that 
are  immature,  or  soft,  should  never  be  placed  in  storage  but  should 
be  sold  as  soon  as  gathered  for  whatever  price  they  will  oring.  Good 
storage  onions  wul  rattle  almost  like  blocks  of  wood  wlien  poured 
from  one  crate  to  another.  In  order  that  the  bulbs  may  remain 
bright  and  of  attractive  appearance  they  should  not  be  allowed  to 
lie  exposed  to  the  weather,  but  should  be  hauled  and  stored  in  open 
sheds  just  as  soon  as  they  may  safely  be  placed  in  1-bushel  crates. 

After  the  bulbs  have  remained  in  drying  sheds  or  cribs  for  four  or 
five  weeks  they  will  be  ready  for  screening  and  removal  to  the  store- 
bouse.  In  handling  onions  it  is  the  rule  to  pass  them  over  a  screen 
each  time  they  are  moved,  as  in  this  way  theloose  skins  are  removed 
and  any  soft  or  decaying  bulbs  .may  be  sorted  out.    When  bags  are 
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used  for  drying  in  the  field,  the  onions  are  screened  in  the  manner 
shown  in  Figure  17,  and  the  bags  refilled  for  hauling  to  the  storage 
house. 

The  essentials  for  the  successful  storage  of  onions  are  suitable  con< 
tainers,  plenty  of  ventilation,  a  comparatively  low  temperature,  diT- 
ness,  ana  safety  from  actual  freezmg.  Any  building  wherein  the 
above  conditions  may  be  secured  will  answer,  but  houses  of  the  type 
shown  in  Figure  18,  which  are  built  especially  for  the  purpose,  are 
most  satisfactory. 

The  construction  of  the  stora^  house  should  be  double  throughout, 
with  plenty  of  felt  or  paper  limng.  Both  top  and  bottom  ventilation 
should  be  provided,  and  the  ventilator  openings  should  have  doors 
that  may  be  closed  to  control  the  temperature.     The  floors  are  con- 
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structed  of  narrow  planks  with  half-inch  spaces  between  the  planks 
for  tlie  passage  of  air.  Bottom  ventilation  is  frequently  secured  by 
means  of  drainpipes  built  into  the  foundation  at  the  surface  of  the 
ground.  Tliese  pipes  are  carried  some  distance  toward  the  center 
of  the  house  and  discharge  the  cool  air  at  a  point  where  it  is  most 
needed. 

The  temperature  of  the  storage  house  should  be  carried  as  low 
as  possible  without  actual  freezing.  During  extremely  cold  weather 
the  ventilator  openings  and  doors  should  be  kept  closed  to  keep  out 
cold  air,  and  aft«r  tne  onions  have  become  thoroughly  chilled  the 
house  should  be  kept  closed  in  order  to  hold  the  temperature  down 
and  prevent  the  entrance  of  moisture  during  warm  or  rainy  periods. 
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Damj),  fogey  wsather  is  injurious  to  onions,  Especially  if  it  follows 
a  period  of  cold,  and  will  cause  the  bulbs  to  become  covered  with 
moisture  if  the  outside  air  is  admitted.  A  little  artificial  heat  from 
a  stove  or  radiator  may  be  required  during  excessively  cold  weather, 
but  so  Ion?  as  the  temperature  in  the  house  does  not  fall  below  32°  F. 
there  will  oe  no  danger  of  injury.  A  temperature  of  36°  to  SS"  will 
give  good  results. 

The  best  method  of  storing  onions  is  in  standard-size  slat  crates 
20  inches  long,  16  inches  wide,  and  14  inches  deep,  outeide  measure- 
ments. The  material  for  the  sides  and  bottom  is  about  three-eighths 
inch  thick  and  2^  inches  wide,  four  pieces  being  used  to  form 
a  side.  The  comers  are  reinforced  on  the  inside  by  means  of 
3-cornered  pieces  of  oak,  to  which  the  slats  are  nailed.    These 
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dimensions  provide  crates  that  are  interchangeable,  the  width  of 
five  being  equal  to  the  length  of  four.  The  crates  will  also  nest 
together  when  emptv,  with  one  inside  of  two  turned  together.  The 
full  crates  are  stacked  in  the  storehouse  with  1  by  3  inch  strips 
between  them  to  allow  for  the  circulation  of  air,  as  shown  in 
Figure  19. 

Onions  are  sometimes  stored  in  slat  bins  holding  lOO  to  300  bushels 
each.  Bags  are  also  used  to  some  extent,  but  neither  bags  nor  bins 
are  as  satisfactory  as  the  crates,  on  account  of  the  difficulty  in  pro- 
viding the  necessary  ventilation  and  change  of  air  through  the 
onions.  Bulbs  stored  in  bags  or  bins  must  be  more  thoroughly  cured 
than  those  stored  in  crates.  There  are  single  large  storehouses  in 
use  that  will  accommodate  50,000  to  60,000  hushels  of  onions  when 
stored  in  crates. 
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MARKBTINQ' 

Large  quantities  of  onions  are  sold  and  shipped  direct  from  the 
fields  where  they  are  grown.  A  part  of  the  crop  is  held  in  tempo- 
rary storage  until  late  autumn  or  early  winter.  During  recent 
years  the  winter  storage  of  onions  has  become  of  great  importance, 
and  the  finest  stock  is  held  for  late-winter  deliveries.  The  Bermuda 
crop  from  the  southwestern  part  of  the  country  comes  on  the 
market  during  April  and  May,  so  that  most  of  the  storage  onions 
are  disposed  of  before  that  time. 

In  marketing  onions  the  first  essential  is  to  properly  grade  and 
clean  the  bulbs,  in  order  that  they  may  present  an  attractive  appear- 
ance when  offered  for  sale.     Ordinarily  the  bulbs  are  separated 
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into  three  grades — primes,  seconds,  and  picklers.  The  primes  in- 
clude all  of  those  114  inches  in  diameter  and  larger,  and  the 
seconds  consist  of  those  from  three-quarters  of  an  inch  to  m.  inches 
in  diameter,  while  all  those  that  will  pass  through  a  %-inch  screen 
are  sold  for  pickling  purposes.  The  grading  is  generally  done 
in  the  field  during  tlie  cleaning  process,  but  as  onions  shrink  con- 
siderably while  in  storage  it  is  necessary  to  regrade  before  placing 
upon  tlie  market.  The  type  of  screen  used  for  grading  onions  is 
shown  in  Figure  20.  For  cleaning  the  pickling  onions  an  ordinary 
fanning  mill  is  employed,  special  screens  being  provided  for  the 
purpose. 
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Onions  are  placed  upon  the  market  in  1-bushel  crates,  bags,  barrels, 
1-bushel  hampers  ana  baskets,  and  in  bulk.  The  fol^ng  crate, 
shown  in  the  foreground  of  Figure  20,  is  undoubtedly  the  most  at- 
tractive package  in  use  for  marketing  onions.  The  bags  employed 
are  of  special  open-mesh  weave  and  nold  100  pounds.  Onions  are 
sometimes  shipped  loosely  in  cars  and  shoveled  into  barrels  or  bags 
at  their  destination. 

The  legal  weight  of  dry  onions  is  ^nerally  considered  56  pounds 
to  the  standard  bushel,  although  this  varies  somewhat  in  different 
^tes. 

COMMERCIAL  VARIETIES 

For  trade  purposes  onions  are  divided  into  two  classes  as  **  strong  " 

onions  And    mim  "  nninns.      Thp  afmncr  nninns  inrliirln  tViti   errpaf'itr 
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part  of  those  grown  in  the  northeastern  United  States  and  con- 
stitute the  mam  storage  and  winter-marketing  crop.  This  group 
includes  such  varieties  aa  Yellow  Danvers,  Yellow  Globe  Danvers, 
Soiithport  Yellow  Globe,  Ohio  Globe,  Japanese  or  Ebenezer,  Aus- 
tralian Brown,  and  Red  Weathersfield.  The  mild-flavored  group  in- 
clades  the  Red  Bermuda,  White  Bermuda,  Crystal  Wax,  Valencia, 
S'nreet  Spanish,  and  others. 

In  the  selection  of  varieties  for  any  particular  locality  the  soil 
and  climatic  conditions  and  market  requirements  should  both  be 
considered.  Those  adapted  to  the  muck  soils  are  the  yellow  and  red 
sorts.  For  alluvial  ana  prairie  soils  the  red  and  brown  varieties  are 
to  be  preferred,  while  all  kinds  do  well  on  the  sandy  loams  and  light 
soils.     A  cleaner,  better  grade  of  white  onions  can  generally  be  pro- 
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duced  on  light  or  sandy  soils  than  on  muck  or  clay  loams.  Those  of 
the  Bermuda,  Spanish,  and  Egyptian  types  flourish  on  the  deep,  rich 
alluvial  soils  of  the  river  bottoms  and  delta  regions. 

Certain  of  our  markets  show  a  decided  preference  for  onions  be- 
longing to  a  particular  type.  The  red  and  brown  varieties  find 
ready  sale  on  the  markets  of  the  Middle  West,  while  onions  of  the 
yellow  and  white  varieties  are  preferred  in  the  eastern  cities.  Onions 
will  withstand  long-distance  snipment,  those  of  the  mild  type  being 
generally  more  subject  to  injury  than  the  strong  sorts.  Some  of  the 
white  varieties  also  have  a  thin  skin  and  are  easily  injured.  It 
should  be  the  aim  of  every  grower  to  employ  varieties  that  will 
withstand  handling  and  at  the  same  time  find  ready  sale  on  the 
market. 

The  top  or  tree  onion,  which  reproduces  by  means  of  small^  bulb- 
lets  formed  on  the  top  of  the  seea  stalk,  is  extensively  used  in  the 
production  of  early-spring  bunching  onions. 

The  multiplier  or  potato  onion  reproduces  by  a  division  of  the 
bulbs.  In  growing  this  variety  it  is  necessary  to  plant  large  bulbs 
to  produce  sets  for  the  next  year's  planting  and  small  bulbs  or  sets  for 
the  crop  of  large  onions.  The  bulbs  of  this  variety  may  remain  in 
the  soil  year  after  year  and  are  desirable  for  use  early  in  spring. 

Garlic  is  closely  allied  to  the  onion,  but  will  remain  in  the  ground 
from  one  year  to  another  in  a  mild  climate  if  undisturbed.  Gurlic  is 
planted  by  setting  the  small  bulbs,  or  cloves,  in  either  the  autumn  or 
early  spring.    The  culture  is  practically  the  same  as  for  the  onion. 

The  leek  also  belongs  to  the  same  class  as  does  the  onion,  but  re- 
quires somewhat  different  treatment.  The  seed  is  usually  sown  in 
beds  and  the  plants  transplanted  about  4  inches  apart  in  the  row. 
The  plants  of  the  leek  are  given  about  the  same  cultivation  as  onions, 
except  that  after  they  have  attained  almost  full  size  the  soil  is  drawn 
around  them  to  a  height  of  6  or  8  inches  to  blanch  the  fleshy  stem. 
The  leek  does  not  form  a  true  bulb  like  the  onion,  but  the  stem  is 
uniformly  thick  throughout.  Leeks  are  marketed  in  bimches,  like 
young  onions,  and  they  may  be  stored  in  cellars  for  winter  use. 

PRODUCTION  OP  BERMUDA  ONIONS 

Bermuda  onions  are  now  an  important  commercial  crop  in  Texas 
and  California,  with  small  plantings  in  a  number  of  the  Southern 
States.  The  Bermuda  onion  fields  of  Texas  are  located  around 
Laredo  and  other  points  in  or  near  the  Eio  Grande  Valley. 

SOILS  AND  CLIMATE  ADAPTED  TO  THE  BERMUDA  ONION 

Soils  of  a  silty  or  alluvial  nature  are  suited  to  the  production  of 
Bermuda  onions,  and  those  containing  considerable  sand  are  most 
desirable.  As  already  noted  in  referring  to  fertilizers  for  onions,  the 
Bermuda  re(][uires  a  very  rich  soil  for  the  best  results,  and  this  can 
only  be  obtained  by  first  selecting  a  good  soil  and  then  manuring 
heavily.  The  Bermuda  onion  as  grown  in  this  country  is  a  winter 
crop;  therefore,  mild  climatic  conditions  are  required.  While  the 
plants  would  withstand  considerable  freezing,  theif  growth  is  seri- 
ously checked  by  cold  weather,  and  the  crop  will  not  mature  in  time 
for  the  early  market  if  grown  to  the  northward. 
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CULTURAL  MSTHOD8 

The  cultural  methods  employed  in  the  growing  of  Bermuda  onions 
are  essentially  the  same  as  those  for  ordinary  omons.  As  the  greater 
portion  of  the  crop  is  grown  in  a  region  which  has  no  regular  rainfall, 
irrigation  methods  are  employed  almost  universally.  The  greater 
part  of  the  crop  is  grown  by  the  transplanting  process  and  a  ^reat 
amount  of  hand  lab^r  is  required.  The  seeds  are  sown  in  specially 
prepared  outdoor  beds  from  the  middle  of  September  to  the  middle 
of  October,  and  the  seedlings  are  transplanted  to  the  field  November 
20  to  January  10,  or  even  later.  From  3%  to  4%  pounds  of  seed 
are  required  tor  each  acre  to  be  planted ;  this  will  allow  for  discard- 
ing all  the  weaker  plants.  The  plants  are  allowed  to  remain  in  the 
seed  bed  until  they  are  from  three-sixteenths  to  one- fourth  inch  in 
diameter  before  they  are  transplanted.  As  the  seedlings  are  lifted 
the  greater  portion  of  both  the  small  roots  and  the  tops  is  trimmed 
off  in  order  that  they  may  be  transplanted  more  readily.     (Fig.  4.) 

HAKVESTINQ  AND  MARKBTINQ 

Bermuda  onions  are  harvested  as  early  as  possible,  generally  before 
the  tops  have  become  fully  ripened.  For  removing  the  bulbs  from 
the  ground  a  1-horse  plow,  a  potato  digger,  or  a  cultivator  with  a 
cutter  wing  attached  is  employed.  The  bulbs  are  then  separated 
from  the  soil  by  hand,  the  tops  cut  off  with  shears,  and  the  onions 
thrown  in  wincfrows  or  piles  to  dry  in  practically  the  same  manner 
as  for  the  regular-crop  onions  in  the  North.  After  the  bulbs  have 
become  thoroughly  dry  on  the  surface  they  are  either  placed  directly 
in  the  crates  tor  shipment  or  are  carried  to  a  packmg  shed  to  be 
graded  and  packed  for  market. 

During  the  early  days  of  the  Bermuda-onion  industry  the  crop 
was  shipped  largely  in  ba^,  but  it  was  soon  found  that  the  bulbs 
were  too  perishable  for  this  method  of  handling.  At  present  the 
greater  portion  of  the  crop  is  sent  to  market  in  folding  slat  crates 
that  are  about  20  inches  lon^,  12  inches  wide,  and  12  inches  high. 

These  crates  hold  approximately  50  pounds  of  onions  and  weigh 
56  or  57  pounds  when  filled.  The  cost  of  these  crates  is  about  $20 
a  hundrea,  but  they  add  enough  to  the  attractiveness  and  carrying 
qualities  of  the  onions  to  make  their  use  profitable. 

TISLD  OP  BSKMUDA   ONIONS  AND   PRICES  OBTAINBD 

Phenomenal  yields  of  34,000  and  35,000  pounds  of  Bermuda 
onions  are  frequently  made  on  an  acre  of  land,  but  this  is  far  above 
the  general  average,  which  is  in  the  neighborhood  of  10,000  or  12,000 
pounds  to  the  acre.  Many  fields,  especially  when  planted  for  the 
first  time,  do  not  yield  as  much  as  10,000  pounds  to  the  acre.  On 
land  that  has  been  heavily  manured  and  planted  to  onions  for 
several  years  the  yield  averages  about  16,000  pounds. 

The  best  Bermuda-onion  farms  are  valued  at  $300  to  $500  an  acre. 
In  order  to  prove  profitable,  the  growing  of  Bermuda  onions  should 
be  conducted  on  a  comparatively  large  scale.  The  necessary  land 
and  irrigation  facilities  will  require  the  initial  outlay  of  from  $10,000 
to  $30,000,  and  the  running  expenses  are  quite  heavy.    Labor  can  be 
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secured  at  a  low  price,  but  is  correspondingly  inefficient  and  often 
not  to  be  had  in  sufficient  quantities.  Furthermore,  the  markets 
are  now  pretty  well  supplied  with  Bermuda  onions,  and  persons  who 
desire  to  engage  in  their  production  are  advised  to  investigate  every 
phase  of  the  industry  Ihsfore  embarking  too  heavily  in  it.  The 
expansion  of  the  Bermuda-onion  industry  is  limited  by  the  facts 
that  a  large  supply  of  bulbs  can  be  grown  on  a  comparatively  small 
area,  that  the  distance  to  market  is  great,  that  the  product  is  perish- 
able, and  that  the  markets  will  consume  only  a  limited  quantity  at 
the  prices  at  which  the  crop  can  be  sold  with  profit. 

GREEN  ONIONS  FOR  BUNCHING 

Another  phase  of  onion  culture  that  is  of  considerable  importance 
in  certain  localities  is  the  production  of  young  bunching  onions  for 
the  early  spring  trade.  In  several  sections  along  the  South  Atlantic 
coast  the  growing  of  this  class  of  onions  is  quite  an  enterprise.  Many 
persons  who  are  engaged  in  other  lines  of  work  follow  the  practice 
of  growing  a  small  area  of  bunching  onions  as  a  side  issue. 

The  vaneties  known  as  multipliers  and  top  onions  are  generally 
employed  for  this  purpose ;  however,  bunching  onions  are  sometimes 
grown  from  ordinary  sets,  from  inferior  and  damaged  large  onions, 
and  from  seed. 

CULTURAL  METHODS 

For  growing  bunching  onions  the  bulbs  or  sets  are  planted  during 
the  autumn  either  in  beds  or  in  rows  12  or  14  inches  apart  with  the 
bulbs  quite  close  in  the  rows.  The  bulbs  will  start  growing  within 
a  short  time  and  make  more  or  less  growth  during  the  winter.  As 
soon  as  the  weather  becomes  warm  during  the  first  months  of  spring 
the  onions  make  a  rapid  growth  and  are  ready  for  marketing  about 
the  time  peach  trees  begin  to  bloom. 

The  land  upon  which  these  onions  are  grown  should  be  rich  and 
mellow,  but  very  little  actual  cultivation  will  be  required.  Where 
the  winters  are  severe  it  may  be  necessarv  to  provide  slight  protec- 
tion, either  a  little  straw,  loose  manure,  leaves,  pine  straw,  or  com 
fodder  that  has  been  run  through  a  shredder.  It  the  onion  beds  are 
protected  on  the  windward  sides  by  means  of  a  windbreak  consisting 
of  a  grove  of  pine  trees,  a  fence  of  boards,  pine  boughs,  or  com 
fodder,  the  crop  will  be  ready  for  marketing  a  little  earlier  than  if 
left  exposed.  Afultiplier  onions  not  gathered  for  marketing  are 
allowed  to  remain  to  form  the  bulbs  for  planting  the  following 
season. 

MARKETING 

In  marketing  this  class  of  onions  the  young  scallions  are  pulled,  the 
roots  trimmed,  and  the  outside  peeled  off,  leaving  the  stem  white  and 
clean.  They  are  then  tied  in  small  bunches  by  means  of  soft  white 
string,  the  tops  trimmed  slightly,  and  the  bunches  packed  in  crates 
or  baskets  for  shipment  or  for  sale  on  the  local  market.  This  phase 
of  the  onion  industry  is  limited  to  small  plantings  and  is  well  suited 
to  the  general  market  garden. 

During  the  spring  and  early  summer  large  quantities  of  ordinary 
young  onions  are  pulled  when  the  bulb  is  about  the  size  of  a  50-oent 
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piece,  the  roots  and  tops  are  trimmed,  and  they  are  then  bunched 
and  sold  for  stewing  purposes.  So  far  as  known,  this  class  of  onions 
is  not  shipped  to  any  great  extent,  but  is  sold  mainly  on  local  markets. 

DISEASES  OP  THE  ONION 

The  (mion  crop  of  the  United  States  is  by  no  means  free  from 
disease.  For  information  regarding  such  diseases  and  measures  of 
control,  the  reader  is  referred  to  Farmers'  Bulletin  1060,  Onion 
Diseases  and  Their  Control,  published  by  the  United  States  Depart- 
ment of  Agriculture,  Washington,  D,  C. 

ONION  INSECTS  AND  THEIR  CONTROL 

In  the  United  States  the  onion  crop  has  only  two  serious  insect 
pests.  Of  these,  the  onion  thrips  {TKrips  tcebaci  Lind),  because  of 
its  distribution  over  the  entire  country,  is  probably  the  most  in- 
jurious. It  is  nearly  always  present  on  onions,  and  under  favorable 
conditions  it  may  increase  to  such  an  extent  as  to  become  very  de- 
structive. The  onion  thrips  is  a  very  small  louselike  insect,  pale 
brown  in  color,  and  usually  is  first  noticed  because  of  the  minute 
whitish  spots  which  it  leaves  on  the  tips  of  the  foliage  after  rasping 
away  part  of  the  leaf  surface  in  feeding.  The  eggs  are  laid  just  be- 
neath the  surface  of  the  leaf,  and  the  insects,  in  both  the  mature  and 
immature  forms,  feed  on  the  surface  from  the  sheath  to  the  tip.  In 
serious  infestations  the  tops  of  the  onions  become  grayish  white, 
afterwards  turning  brown  and  dying.  At  such  times  the  leaves,  it 
examined,  may  be  seen  to  be  covered  with  thrips. 

The  onion  thrips  is  particularly^  injurious  in  the  South,  and  in 
the  Texas  Bermuaa-onion  district  it  is  a  constant  menace  to  the  crop. 
It  is  particularly  likely  to  injure  plantings  which  follow  or  are 
adjacent  to  such  early  crops  as  caobage,  from  which  the  thrips 
migrate  in  great  numbers  at  harvest  time.  A  vigorous,  strongly 
growing  onion  crop  may  grow  away  from  thrips  injury,  out  if  for 
any  reason  growth  becomes  badly  checked,  damage  is  almost  sure  to 
result. 

Recent  experiments  *  have  shown  that  the  thrips  can  be  controlled 
and  the  yield  materially  increased  by  the  use  of  naphthalene  dust. 
Crude  naphthalene  is  crushed  with  a  heavy  roller  on  a  cement  floor 
and  sifted  through  a  50-mesh  screen.  Forty  pounds  of  the  naphtha- 
lene is  mixed  with  60  pounds  of  hydrated  lime.  To  be  most  effective 
the  dust  should  be  allowed  to  stand  in  a  tight  container  for  at  least 
24  hours. 

The  dust  is  applied  at  the  rate  of  200  pounds  to  the  acre.  The 
first  application  should  be  made  when  the  injury  first  becomes  ap- 
parent and  repeated  at  intervals  of  about  a  week.  The  dust  is 
applied  with  a  rotary  hand  duster  or  with  a  power  duster  attached  to 
a  garden  tractor.  The  dust  is  directed  into  the  crown  of  the  plants. 
The  applications  should  be  made  in  the  morning  while  the  air  is  still 
and  the  plants  are  wet  with  dew.  From  3  to  5  applications,  depend- 
ing on  the  severity  of  the  infestation,  are  required. 

'Ooraell  Uniyeraitj  Extension  Bulletin  206,  DiBeases  and   insectn  Affecting  Vegetable 
Crop*. 
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Thrips  may  be  fairly  well  controlled  by  spraying  with  nicotine  at 
the  rate  of  three-fourths  of  a  pint  of  a  40-percent  solution  to  50 
gallons  of  water  in  which  4  pounds  of  soap  has  been  dissolved.  Use 
a  high-pressure  sprayer  and  hold  the  nozzle  close  to  the  plants,  as 
thrips  often  feed  and  remain  protected  in  the  leaf  sheaths  and 
creases.    Clean  up  weed  patches  near  the  onion  fields  and  rake  to- 

f  ether  and  bum  the  onion  tops  as  soon  as  the  crop  is  harvested, 
'he  grower  should  examine  his  onion  plantings  from  time  to  time  in 
order  to  detect  the  early  stages  of  the  infestation.  It  is  easier  to  keep 
an  infestation  down  by  early  treatments  than  to  control  a  heavy 
infestation. 

In  the  northern  part  of  the  United  States  the  onion  maggot 
{Hylemyia  arUiqua  Meig.)  often  becomes  very  destructive,  especially 
to  small  seedling  onions.  This  pest  is  a  white,  footless  maggot,  the 
larva  or  young  of  a  fly  much  resembling  the  common  house  fly,  and 
is  about  three-eighths  of  an  inch  in  len^h  when  full  grown.  The 
eggs  are  laid  by  the  fly  early  in  the  spring,  and  are  placed,  in  the 
case  of  seedling  onions,  on  the  ground  near  the  plant,  or  in  the 
sheaths  of  the  leaves  near  the  ground.  On  hatching,  the  voung 
maggot  burrows  into  the  plant  and  bores  through  the  stem  and  bulb, 
easily  killing  small  seedlings.  After  killing  one  plant  it  proceeds  to 
the  next,  thus  causing  many  skips  in  the  row.  When  larger  plants 
are  attacked,  several  larvae  may  be  found  in  the  bulb. 

A  remedy  that  has  been  used  successfully  in  some  sections  consists 
of  treating  the  soil  about  the  plants  with  a  bordeaux-oil  emulsion. 
The  emulsion  is  best  applied  to  the  onion  rows  by  means  of  a  sprayer, 
the  material  being  directed  to  the  base  of  the  plants.  Enough  of  the 
material  should  Be  applied  to  moisten  the  soil  at  the  base  of  the 
plants.  The  bordeaux-oil  emulsion  may  be  prepared  by  adding  ly^ 
gallons  of  oil  emulsion,  suitable  for  use  against  orchard  scale  insects, 
to  48^  gallons  of  4-4-50  bordeaux  mixture.  Apply  five  times  at 
weekly  intervals^  beginning  when  the  young  plants  are  about  an  inch 
high.  An  effective  treatment  requires  about  115  gallons  of  the  spray 
per  acre. 

Cutworms  are  sometimes  troublesome,  but  are  easily  controlled  by 
the  bran  mash  and  arsenic  bait,  scattered  thinly  wherever  the  young 
seedlings  have  been  found  to  be  cut  off.* 

PRESENT  STATUS  OF  THE  ONION  INDUSTRY 

Because  of  variations  in  the  cost  of  labor,  tools,  fertilizers,  seed, 
and  other  materials  and  the  many  factors  involved  in  the  production 
of  an  onion  crop  it  is  impossible  to  give  definite  cost  and  profit 
figures.  The  average  yield  of  onions  is  around  290  bushels  to  the 
acre,  but  yields  of  ^0  to  600  bushels  are  not  uncommon.  The  price 
of  onions  is  extremely  variable  one  year  with  another,  but  on  the 
whole  the  crop  has  proved  profitable  to  the  growers  when  taken  on 
an  average  for  a  period  of  years. 

In  some  sections  onions  are  grown  in  rows  3  feet  apart  and  given 
horse  cultivation,  thus  reducing  the  yield  to  about  160  bushels  on  an 
acre  and  cutting  down  production  costs  in  proportion.  This  method 
of  growing  onions  is  especially  adapted  for  use  on  low-priced  land 
and  where  hand  labor  is  scarce. 

*For  farther  information  write  to  the  Bureau  of  Entomology  and  Plant  Quarantine, 
U.  S.  Department  of  Agriculture,  Washington,  D.  G. 
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Both  the  supply  and  demand  for  onions  are  increasing  and  at 
present  bear  about  an  equal  relation  to  each  other.  Some  years  the 
supply  falls  a  little  short  and  the  prices  go  somewhat  higher,  with 
the  r^ult  that  larger  quantities  are  imported.  The  f  ollowmg  seas(Hi 
the  plantings  are  generally  heavier,  the  market  may  be  a  little  slow, 
and  the  result  wiU  be  low  prices  and  a  great  many  people  will  dis- 
continue the  growing  of  onions  or  reduce  their  acreage. 

Prices  of  onions,  especially  the  Texas-grown  Bermuda  onions,  are 
greatly  influenced  by  miportations  of  Egyptian  onions  which  appear 
on  our  markets  about  the  same  time  of  the  year  that  the  Bermuda 
onions  are  bein^  marketed.  The  ease  with  which  both  the  Egyptian 
and  the  Spani^  onions  can  be  delivered  to  our  eastern  markets  as 
compared  with  the  long  freight  haul  from  southwestern  Texas  or 
Pacific  Coast  States  renders  the  position  of  the  American  grower  of 
Bermuda  and  other  mild  onions  more  or  less  hazardous.  Despite 
this  condition,  however,  both  the  Bermuda  and  the  Spanish  onion 
industries  have  become  well  established  in  the  United  States.  The 
American  grower  of  Bermuda  onions  is  still  dependent  upon  the 
Canary  Islands  for  his  seed  supply. 

Recently  the  production  of  the  large  Sweet  Spanish  or  Valencia 
type  onion  has  become  well  established  in  a  numoer  of  the  Western 
States,  and  with  the  present  tariff  rate  in  effect  on  imported  Spanish 
and  other  onions  American  growers  are  in  position,  imder  normal 
crop  conditions,  to  fully  supply  the  principal  markets  of  the  United 
States.  American  growers  of  the  Sweet  Spanish  or  Valencia  type 
onions  are  no  longer  dependent  upon  imported  seed,  as  an  adequate 
supply  is  now  bemg  produced  by  the  California  and  other  western 
seea  growers. 
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THE  ONION,  in  one  or  more  of  its  several  forms, 
has  been  in  use  throughout  all  time  of  which  we 
have  authentic  history.  It  is  of  Old  World  origin, 
but  was  brought  to  North  America  by  the  early  dis- 
coverers and  colonists.  The  onion  is  grown  univer- 
sally in  home  gardens  and  is  one  of  our  important 
market-garden  and  truck  crops.  It  is  adapted  for 
growing  on  a  wide  range  of  soil  types  and  under 
varying  climatic  conditions,  but  requires  a  rich  soil 
and  plenty  of  moisture. 

Onions  are  an  intensive  crop,  their  production 
involving  considerable  hand  labor,  but  yielding  a 
relatively  high  return  per  acre.  Prices  received  by 
the  growers  vary  considerably  from  one  year  to 
another,  but  the  production  of  onions  in  the  United 
States  is  fairly  well  stabilized  and  adjusted  to  mar- 
ket demands. 

Recently  there  has  been  developed  in  several  of 
the  Western  States  a  specialized  industry  in  the  pro- 
duction of  the  Valencia  onion.  The  Bermuda-onion 
industry  of  southern  Texas  and  California  has  been 
expanded  and  extended  to  several  other  sections. 

The  production  and  shipment  of  large  numbers  of 
early  seedling  onion  plants  by  southern  plant  growers 
has  to  a  certain  degree  replaced  the  use  of  onion 
sets  for  planting  in  home  gardens  and  for  a  portion 
of  the  northern  early  market  crop. 
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INTRODUCTION 

THE  ONION  is  one  of  the  important  market-garden  and  truck 
crops  in  the  United  States  and  is  very  generally  grown  in  home 
gardens.  It  thrives  best  on  alluvial  and  drained  muck  soils  under  a 
temperate  climate,  but  may  be  grown  under  a  very  wide  range  of 
soil  and  climatic  conditions.  (Xiions  are  grown  to  perfection  on 
the  alluvial  soils  of  the  Nile  River  Valley  m  Egypt,  under  the  sea 
breezes  of  the  South  Sea  Islands,  on  the  delta  lands  along  the  sea- 
coast,  on  sandy  uplands,  in  the  arid  regions  under  irrigation,  and 
on  reclaimed  swamp  lands.  There  is  perhaps  no  extensive  area  in 
the  United  States  or  its  possessions  where  the  onion,  in  one  or  more 
of  its  forms,  can  not  be  successfully  grown,  at  least  for  home  and 
local  use. 

The  onion  is  of  Old  World  origin  and  has  been  used  as  a  food  plant 
from  the  earliest  historic  times.  It  was  an  important  article  oi  diet 
in  Egypt  at  the  time  of  the  building  of  the  pvramids,  and  Moses, 
in  his  account  of  the  exodus  of  the  Children  of  Israel  from  Egypt, 
mentions  it  as  one  of  the  articles  of  food  for  which  the  Israelites 
longed  during  their  sojourn  in  the  wilderness. 

Onions  were  brought  to  North  America  by  the  early  discoverers 
and  became  one  of  the  common  crops  of  colonial  gardens.  Com- 
mercial onion  culture  in  its  present  form  has  developed  mainly  dur- 
ing the  last  40  or  50  jears.  Formerly  the  production  of  onions  for 
safe  was  confined  principally  to  the  New  England  States,  but  the 
industry  soon  spread  to  other  sections,  and  when  the  vast  muck  areas 
of  the  Great  Lakes  and  other  regions  were  drained  and  brought 
under  cultivation  the  onion  soon  became  one  of  the  most  important 

crops  on  these  soils. 
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duced  on  light  or  sandy  soils  than  on  muck  or  clay  loams.  Those  of 
the  Bermuda,  Spanish,  and  Egyptian  types  flourish  on  the  deep,  rich 
alluvial  soils  of  the  river  bottoms  and  delta  regions. 

Certain  of  our  markets  show  a  decided  preference  for  onions  be- 
lon^ng  to  a  particular  type.  The  red  and  brown  varieties  find 
ready  sale  on  the  markets  of  the  Middle  West,  while  onions  of  the 
yellow  and  white  varieties  are  preferred  in  the  eastern  cities.  Onions 
will  withstand  long-distance  snipment,  those  of  the  mild  type  being 
generally  more  subject  to  injury  than  the  strong  sorts.  Some  of  the 
white  varieties  also  have  a  thin  skin  and  are  easily  injured.  It 
should  be  the  aim  of  every  grower  to  employ  varieties  that  will 
withstand  handling  and  at  the  same  time  find  ready  sale  on  the 
market. 

The  top  or  tree  onion,  which  reproduces  by  means  of  small  bulb- 
lets  formed  on  the  top  of  the  seed  stalk,  is  extensively  used  in  the 
production  of  early-spring  bunching  onions. 

The  multiplier  or  potato  onion  reproduces  by  a  division  of  the 
bulbs.  In  growing  this  variety  it  is  necessary  to  plant  large  bulbs 
to  produce  sets  for  the  next  year's  planting  and  small  bulbs  or  sets  for 
the  crop  of  large  onions.  The  bulbs  of  this  variety  may  remain  in 
the  soil  year  after  year  and  are  desirable  for  use  early  in  spring. 

Garlic  is  closely  allied  to  the  onion,  but  will  remain  in  the  ground 
from  one  year  to  another  in  a  mild  climate  if  undisturbed.  Garlic  is 
planted  by  setting  the  small  bulbs,  or  cloves,  in  either  the  autumn  or 
early  spring.    The  culture  is  practically  the  same  as  for  the  onion. 

Tne  leek  also  belongs  to  the  same  class  as  does  the  onion,  but  re- 
quires somewhat  different  treatment.  The  seed  is  usually  sown  in 
beds  and  the  plants  transplanted  about  4  inches  apart  in  the  row. 
The  plants  of  the  leek  are  given  about  the  same  cultivation  as  onions, 
except  that  after  they  have  attained  almost  full  size  the  soil  is  drawn 
around  them  to  a  height  of  6  or  8  inches  to  blanch  the  fleshy  stem. 
The  leek  does  not  form  a  true  bulb  like  the  onion,  but  the  stem  is 
uniformly  thick  throughout.  Leeks  are  marketed  in  bunches,  like 
young  onions,  and  they  may  be  stored  in  cellars  for  winter  use. 

PRODUCTION  OF  BERMUDA  ONIONS 

Bermuda  onions  are  now  an  important  commercial  crop  in  Texas 
and  California,  with  small  plantings  in  a  number  of  the  Southern 
States.  The  Bermuda  onion  fields  of  Texas  are  located  around 
Laredo  and  other  points  in  or  near  the  Rio  Grande  Valley. 

SOILS  AND  CLIMATE  ADAPTED  TO  THE  BERMUDA  ONION 

Soils  of  a  silty  or  alluvial  nature  are  suited  to  the  production  of 
Bermuda  onions,  and  those  containing  considerable  sand  are  most 
desirable.  As  already  noted  in  referring  to  fertilizers  for  onions,  the 
Bermuda  rec^uires  a  very  rich  soil  for  the  best  i^esults,  and  this  can 
only  be  obtained  by  first  selecting  a  good  soil  and  then  manuring 
heavily.  The  Bermuda  onion  as  grown  in  this  country  is  a  winter 
crop;  therefore,  mild  climatic  conditions  are  required.  While  the 
plants  would  withstand  considerable  freezing,  theif  growth  is  seri- 
ously checked  by  cold  weather,  and  the  crop  will  not  mature  in  time 
for  the  early  market  if  grown  to  the  northward. 


OKION   CULTX7BE  23 

CULTURAL  METHODS 

The  cultural  methods  employed  in  the  growing  of  Bermuda  onions 
are  essentially  the  same  as  tnose  for  ordinary  onions.  As  the  greater 
portion  of  the  crop  is  grown  in  a  region  which  has  no  regular  rainfall, 
irrigation  methoas  are  employed  almost  universally.  The  greater 
part  of  the  crop  is  grown  by  the  transplanting  process  and  a  great 
amount  of  hand  lahSr  is  required.  The  seeds  are  sown  in  specially 
prepared  outdoor  beds  from  the  middle  of  September  to  the  middle 
of  October,  and  the  seedlings  are  transplanted  to  the  field  November 
20  to  January  10,  or  even  later.  From  3%  to  4%  pounds  of  seed 
are  required  tor  each  acre  to  be  planted ;  this  will  allow  for  discard- 
ing all  the  weaker  plants.  The  plants  are  allowed  to  remain  in  the 
seed  bed  imtil  they  are  from  three-sixteenths  to  one- fourth  inch  in 
diameter  before  they  are  transplanted.  As  the  seedlings  are  lifted 
the  greater  portion  of  both  the  small  roots  and  the  tops  is  trimmed 
off  in  order  that  they  may  be  transplanted  more  readily.     (Fig.  4.) 

HARVESTING  AND  MARKETING 

Bermuda  onions  are  harvested  as  early  as  possible,  generally  before 
the  tops  have  become  fully  ripened.  For  removing  the  bulbs  from 
the  ground  a  1-horse  plow,  a  potato  digger,  or  a  cultivator  with  a 
cutter  wing  attached  is  employed.  The  bulbs  are  then  separated 
from  the  soil  by  hand,  the  tops  cut  off  with  shears,  and  the  onions 
thrown  in  windrows  or  piles  to  dry  in  practically  the  same  manner 
as  for  the  regular-crop  onions  in  the  North*  Alter  the  bulbs  have 
become  thoroughly  dry  on  the  surface  they  are  either  placed  directly 
in  the  crates  for  shipment  or  are  carried  to  a  packmg  shed  to  l>6 
graded  and  packed  for  market. 

During  the  early  days  of  the  Bermuda-onion  industry  the  crop 
was  shipped  largely  in  bags,  but  it  was  soon  found  that  the  bulbs 
were  too  perishable  for  this  method  of  handling.  At  present  the 
greater  portion  of  the  crop  is  sent  to  market  in  folding  slat  crates 
that  are  about  20  inches  long,  12  inches  wide,  and  12  inches  high. 

These  crates  hold  approximately  50  pounds  of  onions  and  weigh 
56  or  57  pounds  when  filled.  The  cost  of  these  crates  is  about  $20 
a  hundred,  but  they  add  enough  to  the  attractiveness  and  carrying 
qualities  of  the  onions  to  make  their  use  profitable. 

YIELD  OP  BERMUDA   ONIONS  AND   PRICES   OBTAINED 

Phenomenal  yields  of  34,000  and  35,000  pounds  of  Bermuda 
onions  are  frequently  made  on  an  acre  of  land,  but  this  is  far  above 
the  general  average,  which  is  in  the  neighborhood  of  10,000  or  12,000 
pounds  to  the  acre.  Many  fields,  especially  when  planted  for  the 
first  time,  do  not  yield  as  much  as  10,000  pounds  to  the  acre.  On 
land  that  has  been  heavily  manured  and  planted  to  onions  for 
several  years  the  yield  averages  about  16,000  pounds. 

The  llest  Bermuda-onion  farms  are  valued  at  $300  to  $500  an  acre. 
In  order  to  prove  profitable,  the  growing  of  Bermuda  onions  should 
be  conducted  on  a  comparatively  large  scale.  The  necessary  land 
and  irrigation  facilities  will  require  the  initial  outlay  of  from  $10,000 
to  $30,000,  and  the  running  expenses  are  quite  heavy.    Labor  can  be 
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this  may  often  be  applied  by  means  of  crops  of  legumes  grown  upon 
the  land  and  plowed  under. 

Throughout  the  north-central  part  of  the  United  States  there  are 
vast  tracts  of  peat  or  muck  soils  that  are  capable  of  producing 
onions.  Before  planting  to  onions,  however,  these  soils  must  be 
cleared,  drained,  and  brought  to  a  suitable  state  of  cultivation.  In 
many  cases  this  process  will  require  two  or  three  years'  time,  but 
sometimes  the  soil  can  be  broken  during  the  early  wmter,  allowed  to 
lie  exposed  to  the  action  of  frost,  then  worked  down  and  planted  to 
onions  the  following  spring.  Some  of  the  largest  onion  farms  are 
located  on  muck  lands.  Tne  store  of  plant  food  in  muck  soil  is 
usually  large,  but  often  it  is  not  in  available  condition,  and  heavy 
applications  of  manure  and  commercial  fertilizers,  especially  super- 
phosphate and  potash,  are  essential  to  profitable  crops. 

CULTURAL  METHODS 

The  onion  belongs  to  that  class  of  crops  which  gives  best  results 
imder  very  intensive  culture,  and  the  greatest  yields  are  secured 
where  a  moderate  acreage  is  planted  and  the  work  conducted  in  a 
most  thorough  manner.  There  is  nothing  technical  about  the  grow- 
ing of  onions,  but  close  attention  and  frequent  cultivation  are  essen- 
tial. Once  the  weeds  get  a  start,  the  cost  of  production  will  be 
greatly  increased,  or  the  crop  may  be  lost  altogether, 

PREPARATION  OP  NEW  LAND 

As  a  general  rule  new  land  is  not  adapted  to  onion  growing  until  it 
has  been  worked  one  or  two  years  with  other  crops.  Onions  should 
follow  some  row  crop  that  has  been  kept  free  from  weeds  the  previous 
season.  Corn,  beans,  and  potatoes  are  suitable  crops  with  which  to 
precede  onions.  Muck  and  sandy  soils  may  in  some  cases  be  brought 
to  a  suitable  condition  for  onions  the  first  season,  but  the  fitting  will 
have  to  be  very  thoroughly  performed.  The  land  should  be  plowed 
in  the  autumn,  then  replowed  in  the  spring,  after  which  numerous 
harrowings  and  doubtless  some  hand  work  will  be  required  to  get 
the  soil  in  suitable  shape. 

If  necessary  to  manure  the  land  heavily  before  planting  to  onions, 
it  will  be  desirable  to  plant  to  some  farm  crop  one  season,  then  apply 
the  manure  during  the  autumn  in  order  to  give  it  time  to  become 
incorporated  with  the  soil.  Owing  to  the  value  of  good  onion  land 
it  would  not  be  advisable  to  devote  it  to  general  farm  crops  for  any 
extended  period,  although  corn  is  frequently  planted  and  oats  or  rye 
are  sometimes  used  in  the  North.  Cowpeas  may  be  of  great  service 
in  bringing  new  land  into  shape  for  planting  to  onions. 

CROP  ROTATION 

Onions  should  not  be  planted  on  the  same  piece  of  land  year  after 
year,  but  some  system  of  crop  rotation  should  be  maintained.  Care 
should  be  taken,  however,  to  use  crops  in  the  rotation  that  will  not 
be  exhaustive  of  the  high  fertility  necessary  in  the  onion  land.  Dur- 
ing the  years  when  the  land  is  not  devoted  to  onions  it  can  be  planted 
to  some  truck  crop  that  will  give  a  return  that  will  justify  the  appli- 
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cation  of  large  quantities  of  fertilizers,  or,  better,  to  a  leguminous 
crop  to  be  turned  under  as  green  manure.  Continuous  cropping  with 
onions  will  cause  the  land  to  become  infested  with  both  uisease  and 
insect  enemies  that  will  sooner  or  later  injure  the  crop  to  such  an 
extent  as  to  render  it  unprofitable. 

PREPARATION  OP  THE  SOIL 

Assuming  that  the  land  intended  for  planting  to  onions  is  capable 
of  being  brought  to  a  good  mechanical  condition,  is  fertile^  well 
drained,  and  reasonably  free  from  weed  seeds,  the  first  step  m  the 
production  of  the  crop  will  be  to  plow  moderately  deep,  then  harrow, 
disk,  roll,  and  drag  until  the  sou  is  smooth  and  mellow  to  a  depth 
of  5  to  7  inches.  The  method  of  preparing  the  soil  will  depend  some- 
what upon  ifs  character,  the  manner  of  planting  to  be  followed,  and 
the  requirements  for  irrigation.  There  are  few  truck  or  other  crops 
that  require  so  careful  fitting  of  the  soil  as  do  onions,  and  it  is  essen- 
tial that  the  fertilizers  be  well  mixed  with  the  soil. 

On  soils  that  are  naturally  well  drained  and  where  surface  water 
can  not  accumulate,  the  plowing  may  be  done  in  lar^e  blocks,  but 
where  the  opposite  conditions  are  found  or  irrigation  is  practiced  it 
may  be  necessary  to  plow  the  land  in  narrow  beds.  In  the  case  of 
insufficient  drainage  it  will  be  desirable  to  throw  the  soil  into  beds, 
leaving  double  furrows  between  the  beds  to  carry  off  surplus  water. 
Where  the  flooding  system  of  irrigation  is  practiced  the  beds  must 
be  leveled  and  a  system  of  ditches  and  ridges  provided  for  distrib- 
uting and  conti-olling  the  water.  Where  it  is  merely  desired  to  secure 
surface  drainage  the  beds  may  be  from  75  to  150  feet  in  width,  but 
for  irrigation  purposes  the  beds  are  generally  but  12  or  15  feet  in 
width.  If  spring  plowing  is  practiced  the  soil  shoidd  be  harrowed 
closely  behind  the  plow  in  order  to  prevent  drying  out. 

For  cutting  and  pulverizing  the  soil  there  is  perhaps  no  tool  as 
serviceable  as  the  disk  harrow.  There  is  a  type  of  disk  having  four 
gangs,  in  two  sets,  one  combination  in  front  of  the  other  and  so 
arranged  that  the  soil  is  first  turned  to  the  center  and  then  turned 
outward  a^ain  by  means  of  the  rear  combination.  This  tool  turns 
the  soil  twice  and  leaves  it  in  a  level  condition.  For  smoothing  and 
leveling  the  soil  behind  the  plow  a  harrow  of  the  type  shown  in  Fig- 
ure 1  is  very  desirable ;  this  tool  not  only  levels  but  turns  and  crushes 
the  soil  at  the  same  time. 

On  land  that  has  been  plowed  during  the  autumn  and  requires 
replowing  in  the  spring,  a  device  of  the  type  shown  in  Figure  2  will 
answer  and  will  do  the  work  more  rapidly  than  the  plow.  This  tool 
is  especially  adapted  to  bedding  up  land  that  has  been  previously 
plowed. 

For  imparting  the  final  smoothing  touch  to  the  soil  before  planting 
there  is  a  device  consisting  of  a  large  number  of  small  disks  set  in  a 
wooden  frame  (fig.  3)  which  does  about  the  same  work  as  a  steel  rake, 
but  in  a  rapid  manner.  A  drag  or  float  made  from  several  pieces  oi 
scantling  nailed  together  may  be  used  for  this  purpose,  or  if  the  soil 
is  very  loose  a  roller  should  be  run  over  it.  The  final  leveling  should 
be  performed  with  a  tool  that  will  fill  and  obliterate  all  tracks  or 
other  depressions  in  the  soil,  leaving  a  smooth,  even  seed  bed  for 
either  seed  sowing  or  transplanting. 
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Thrips  may  be  fairly  well  controlled  by  spraying  with  nicotine  at 
the  ra^  of  fiiree-fourths  of  a  pint  of  a  40-percent  solution  to  50 
gallons  of  water  in  which  4  pounds  of  soap  has  been  dissolved.  Use 
a  high-pressure  sprayer  and  hold  the  nozzle  close  to  the  plants,  as 
thrips  often  feed  and  remain  protected  in  the  leaf  sheaths  and 
creases.  Clean  up  weed  patches  near  the  onion  fields  and  rake  to- 
gether and  bum  the  onion  tops  as  soon  as  the  crop  is  harvested. 
The  grower  should  examine  his  onion  plantings  from  time  to  time  in 
order  to  detect  the  early  stages  of  the  infestation.  It  is  easier  to  keep 
an  infestation  down  by  early  treatments  than  to  control  a  heavy 
infestation. 

In  the  northern  part  of  the  United  States  the  onion  ma^sot 
{Hylemyia  arUiqua  Meig.)  often  becomes  very  destructive,  especially 
to  small  seedling  onions.  This  pest  is  a  white,  footless  mag^t,  the 
larva  or  young  of  a  fly  much  resembling  the  common  house  fly,  and 
is  about  three-eighths  of  an  inch  in  len^h  when  full  grown.  ITie 
eggs  are  laid  by  the  fly  early  in  the  spring,  and  are  placed,  in  the 
case  of  seedling  onions,  on  the  groimd  near  the  plant,  or  in  the 
sheaths  of  the  leaves  near  the  ground.  On  hatching,  the  young 
maggot  burrows  into  the  plant  and  bores  through  the  stem  anci  bulb, 
easuy  killing  small  seedlings.  After  killing  one  plant  it  proceeds  to 
the  next,  thus  causing  many  skips  in  the  row.  When  larger  plants 
are  attacked,  several  larvae  may  be  found  in  the  bulb. 

A  remedy  that  has  been  used  successfully  in  some  sections  consists 
of  treating  the  soil  about  the  plants  with  a  bordeaux-oil  emulsion. 
The  emulsion  is  best  applied  to  the  onion  rows  by  means  of  a  sprayer, 
the  material  being  directed  to  the  base  of  the  plants.  Enough  of  the 
material  should  Be  applied  to  moisten  the  soil  at  the  base  of  the 
plants.  The  bordeaux-oil  emulsion  may  be  prepared  by  adding  1% 
gallons  of  oil  emulsion,  suitable  for  use  against  orchard  scale  insects, 
to  48^  gallons  of  4r-4-50  bordeaux  mixture.  Apply  five  times  at 
weekly  intervals^  beginning  when  the  young  plants  are  about  an  inch 
high.  An  effective  treatment  requires  about  115  gallons  of  the  spray 
per  acre. 

Cutworms  are  sometimes  troublesome,  but  are  easily  controlled  by 
the  bran  mash  and  arsenic  bait,  scattered  thinly  wherever  the  young 
seedlings  have  been  found  to  be  cut  off.* 

PRESENT  STATUS  OF  THE  ONION  INDUSTRY 

Because  of  variations  in  the  cost  of  labor,  tools,  fertilizers,  seed, 
and  other  materials  and  the  many  factors  involved  in  the  production 
of  an  onion  crop  it  is  impossible  to  give  definite  cost  and  profit 
figures.  The  average  yield  of  onions  is  around  290  bushels  to  the 
acre,  but  yields  of  4^0  to  600  bushels  are  not  uncommon.  The  price 
of  onions  is  extremely  variable  one  year  with  another,  but  on  the 
whole  the  crop  has  proved  profitable  to  the  growers  when  taken  on 
an  average  for  a  period  of  years. 

In  some  sections  onions  are  grown  in  rows  8  feet  apart  and  given 
horse  cultivation,  thus  reducing  the  yield  to  about  150  bushels  on  an 
acre  and  cutting  down  production  costs  in  proportion.  This  method 
of  growing  onions  is  especially  adapted  for  use  on  low-priced  land 
and  where  hand  labor  is  scarce. 

'For  further  information  write  to  the  Bureau  of  Entomology  and  Plant  Quarantine^ 
IT.  8.  Department  of  Agriculture,  Washington,  D.  C. 
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Both  the  supply  and  demand  for  onions  are  increasing  and  at 
present  bear  about  an  equal  relation  to  each  other.  Some  years  the 
supply  falls  a  little  short  and  tiie  prices  go  somewhat  higner,  with 
the  r^ult  that  larger  quantities  are  imported.  The  following  season 
the  plantings  are  generally  heavier,  the  market  may  be  a  little  slow, 
and  the  result  will  be  low  prices  and  a  great  many  people  will  dis- 
continue the  growing  of  onions  or  reduce  their  acreage. 

Prices  of  onions,  especially  the  Texas-grown  Bermuda  onions,  are 
greatly  influenced  by  importations  of  Egyptian  onions  which  appear 
on  our  markets  about  the  same  time  ox  the  year  that  the  Bermuda 
onions  are  bein^  marketed.  The  ease  with  which  both  the  Egyptian 
and  the  Spanish  onions  can  be  delivered  to  our  eastern  markets  as 
compared  with  the  long  freight  haul  from  southwestern  Texas  or 
Pacific  Coast  States  renders  tne  position  of  the  American  grower  of 
Bermuda  and  other  mild  onions  more  or  less  hazardous.  Despite 
this  condition,  however,  both  the  Bermuda  and  the  Spanish  onion 
industries  have  become  well  established  in  the  United  States.  The 
American  grower  of  Bermuda  onions  is  still  dependent  upon  the 
Canary  Islands  for  his  seed  supply. 

Ew»ntly  the  production  of  the  laree  Sweet  Spanish  or  Valencia 
type  onion  has  become  well  established  in  a  number  of  the  Western 
States,  and  with  the  present  tariff  rate  in  effect  on  imported  Spanish 
and  other  onions  American  growers  are  in  position,  imder  normal 
crop  conditions,  to  fully  supply  the  nrincipal  markets  of  the  United 
States.  American  growers  of  the  Sweet  Spanish  or  Valencia  type 
onions  are  no  longer  dependent  upon  imported  seed,  as  an  adequate 
supply  is  now  being  produced  by  the  California  and  other  western 
seed  growers. 
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THE  ONION,  in  one  or  more  of  its  several  forms, 
has  been  in  use  throughout  all  time  of  which  we 
have  authentic  history.  It  is  of  Old  World  origin, 
but  was  brought  to  North  America  by  the  early  dis- 
coverers and  colonists.  The  onion  is  grown  univer- 
sally in  home  gardens  and  is  one  of  our  important 
market-garden  and  truck  crops.  It  is  adapted  for 
growing  on  a  wide  range  of  soil  tjrpes  and  under 
varying  climatic  conditions,  but  requires  a  rich  soil 
and  plenty  of  moisture. 

Onions  are  an  intensive  crop,  their  production 
involving  considerable  hand  labor,  but  yielding  a 
relatively  high  return  per  acre.  Prices  received  by 
the  growers  vary  considerably  from  one  year  to 
another,  but  the  production  of  onions  in  the  United 
States  is  fairly  well  stabilized  and  adjusted  to  mar- 
ket demands. 

Recently  there  has  been  developed  in  several  of 
the  Western  States  a  specialized  industry  in  the  pro- 
duction of  the  Valencia  onion.  The  Bermuda-onion 
industry  of  southern  Texas  and  California  has  been 
expanded  and  extended  to  several  other  sections. 

The  production  and  shipment  of  large  numbers  of 
early  seedling  onion  plants  by  southern  plant  growers 
has  to  a  certain  degree  replaced  the  use  of  onion 
sets  for  planting  in  home  gardens  and  for  a  portion 
of  the  northern  early  market  crop. 


Is&aed  April  26,  1909 

Waahington.  D.^.  -  5f.™?*  ^^1^  Pi*     . 

Slishtly  revised  October  1917 
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INTRODUCTION 

THE  ONION  is  one  of  the  important  market-garden  and  truck 
crops  in  the  United  States  and  is  very  generally  crown  in  home 
gardens.  It  thrives  best  on  alluvial  and  drained  muck  soils  under  a 
temperate  climate,  but  may  be  crown  under  a  very  wide  range  of 
soil  and  climatic  conditions.  Onions  are  ^own  to  perfection  on 
the  alluvial  soils  of  the  Nile  River  Valley  m  Egjrpt,  under  the  sea 
breezes  of  the  South  Sea  Islands,  on  the  delta  lands  along  the  sea- 
coast,  on  sandy  uplands,  in  the  arid  regions  under  irrigation,  and 
on  reclaimed  swamp  lands.  There  is  perhaps  no  extensive  area  in 
the  United  States  or  its  possessions  where  the  onion,  in  one  or  more 
of  its  forms,  can  not  be  successfully  grown,  at  least  for  home  and 
local  use. 

The  onion  is  of  Old  World  origin  and  has  been  used  as  a  food  plant 
from  the  earliest  historic  times.  It  was  an  important  article  oi  diet 
in  Egypt  at  the  time  of  the  building  of  the  pvramids,  and  Moses, 
in  his  account  of  the  exodus  of  the  Children  oi  Israel  from  Egypt, 
mentions  it  as  one  of  the  articles  of  food  for  which  the  Israelites 
longed  during  their  sojourn  in  the  wilderness. 

Onions  were  brought  to  North  America  by  the  early  discoverers 
and  became  one  of  the  common  crops  of  colonial  gardens.  Com- 
mercial onion  culture  in  its  present  form  has  developed  mainly  dur- 
ing the  last  40  or  60  years.  Formerly  the  production  of  onions  for 
sale  was  confined  principally  to  the  New  England  States,  but  the 
industry  soon  spread  to  other  sections,  and  when  the  vast  muck  areas 
of  the  Great  Lakes  and  other  regions  were  drained  and  brought 
under  cultivation  the  onion  soon  fcicame  one  of  the  most  important 

crops  on  these  soils. 
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At  present  the  principal  conunercial  onion-growing  centers  are 
located  in  New  England,  especially  in  the  Connecticut  Kiver  Valley, 
in  northern  New  Jersey,  southeastern  New  York,  the  entire  Great 
Lakes  region,  and  as  lar  west  as  Minnesota.  The  production  of 
Creole  onions  centers  around  New  Orleans,  La.,  and  the  greater  part 
of  the  Bermuda-onion  crop  is  grown  in  southwestern  Texas  ana  in 
California.  Within  the  last  few  years  the  production  of  the  mild 
Valencia  onion  has  developed  in  several  of  the  Western  States,  in- 
cluding New  Mexico,  California,  Arizona,  Utah,  Nevada,  Washing- 
ton, and  Oregon.  In  addition  there  are  many  local  areas  in  the 
United  States  where  onions  are  being  grown  in  considerable  quan- 
tities for  the  market. 

The  production  of  several  crops  closely  related  to  the  onion,  such 
as  chives,  shallot,  leek,  and  garlic,  has  been  developed  around  local 
centers,  especially  in  connection  with  market  gardening  near  the 
large  cities.  Garlic  might  be  mentioned  as  an  exception,  because  it 
is  produced  mainly  in  a  few  localities  where  soil  and  climate  are 
especially  suitable  for  its  growth. 

The  present  acreage  and  production  of  onions  in  the  United  States 
are  about  equal  to  market  demands.  During  years  of  short  crops  and 
low  yields  there  is  a  shortage  of  onions  with  consequent  high  prices, 
but  during  years  of  heavy  crops  the  supply,  as  a  rule,  exceeds  the 
demand,  and  frequently  prices  are  too  low  for  profitable  returns  to 
the  grower. 

CLIMATIC  REQUIREMENTS 

For  best  results  a  temperate  climate  without  great  extremes  of 
heat  and  cold  should  be  selected.  Onion  culture  is  rarely  profitable 
in  regions  where  the  climate  does  not  change  or  has  no  definite 
seasons  of  heat  and  cold  or  moisture  and  drought.  The  onion  does 
best  under  rather  cool  conditions,  with  plenty  of  moisture  during 
its  early  stages,  but  requires  a  reasonable  degree  of  heat,  together 
with  dryness  of  both  soil  and  atmosphere,  for  its  proper  ripening. 
Where  the  onion  industry  has  become  established  in  the  extreme 
southern  part  of  the  United  States,  the  growing  season  is  during 
the  late  autumn  and  winter,  the  crop  maturing  during  the  spring 
and  early  summer.  If  the  crop  matures  at  a  time  when  there  is 
considerable  rainfall,  it  will  be  impossible  to  cure  the  bulbs  without 
artificial  means  and  they  will  be  lacking  in  keeping  qualities. 

Certain  types  and  varieties  of  onions,  including  the  top  onions 
and  the  multipliers  or  potato  onions,  are  extremely  hardy  and  may 
remain  in  the  open  ground  throughout  the  winters  of  our  Northern 
States,  especially  if  given  slight  protection.  These  types  are,  how- 
ever, not  adapted  to  growing  for  market,  except  as  green  onions, 
"  peelers,"  or  "  bunchers,"  to  be  sold  during  the  early  springtime. 
In  certain  sections  of  the  South  Atlantic  coast  region  large  areas 
of  the  top  and  multiplier  onions  are  grown  for  this  purpose.  There 
is  also  a  marked  difference  in  the  day-length  requirements  of  the 
standard  commercial  sorts,  some  being  adapted  to  growing  far 
northward,  while  others,  like  the  Bermuda,  Egyptian^  and  Spani^ 
types,  do  best  in  restricted  southern  localities. 

The  period  required  for  the  production  of  a  crop  of  onions  will 
depend  upon  the  season,  the  methods  employed  in  growing,  and  the 
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variety.  If  grown  from  seed,  a  period  of  from  130  to  150  days  will 
be  required.  If  from  sets,  the  crop  often  may  be  matured  in  100 
days.  If  grown  in  the  extreme  northern  part  of  the  United  States, 
where  the  seasons  are  short,  the  crop  will  mature  more  rapidly  than 
to  the  southward.  In  the  case  of  the  Bermuda  onion,  as  grown  in 
Texas,  the  growing  season  extends  from  October  to  the  following 
March  or  April. 

Onions  require  an  abundance  of  moisture  during  the  early  stages 
of  their  growth,  but  should  be  ripened  under  comparatively  dry  con- 
ditions. In  most  sections  the  seed  is  sown  at  a  time  of  the  year  when 
frequent  spring  rains  occur.  Their  period  of  greatest  growth  is  dur- 
ing the  early  part  of  the  summer,  and  the  crop  is  ripened  late  in  the 
summer  when  drying  conditions  may  be  expected.  In  irrigated 
regions  the  application  of  water  is  almost  entirely  under  the  control 
of  the  grower.  During  the  active  period  of  growth  the  water  is 
applied  about  once  a  week,  the  soil  being  thoroughly  soaked  and 
the  surplus  water  drawn  off. 

The  amount  of  rainfall  or  irrigation  required  for  the  production  of 
a  crop  of  onions  will  depend  largely  upon  the  character  of  the  soil 
and  its  drainage.  Many  of  the  peat  or  muck  soils  in  which  the  soil 
water  remains  near  the  surface  will  require  very  little  rainfall;  in 
fact,  the  best  crops  of  onions  are  produced  on  these  soils  during 
seasons  of  comparatively  light  but  evenly  distributed  rainfall.  Sandy 
and  loose  soils  generally  will  require  a  greater  amount  of  water, 
especially  during  the  early  part  of  the  season. 

SOILS  ADAPTED  TO  ONION  CULTURE 

The  essential  requirements  of  a  soil  upon  which  to  grow  onions 
profitably  are  a  high  state  of  fertility,  good  mechanical  condition  in 
order  that  the  crop  may  be  easily  worked,  suflScient  drainage,  and 
freedom  from  weeds.  If  a  soil  has  the  proper  mechanical  proper- 
ties— that  is,  if  it  contains  sufficient  sand  and  humus  to  be  easily 
worked,  is  retentive  of  moisture  and  fertilizers,  and  is  capable  of 
drainage — all  other  requirements  can  be  met.  At  least  three  types 
of  soil  are  being  extensively  planted  to  onions  in  this  country,  the  one 
common  essential  being  proper  mechanical  condition. 

Clay  and  alluvial  loam  soils  abound  in  the  river  valley  and  delta 
regions  near  the  coast.  These  soils  are  generally  very  fertile,  but 
may  require  the  addition  of  humus  or  stable  manure  in  order  to 
lighten  them.  The  greatest  difficulty  encountered  in  growing  onions 
upon  land  of  this  character  is  the  tendency  of  the  soil  to  run  together 
and  bake  after  hard  rains.  This  is  especially  injurious  after  the  seed 
has  been  sown  and  before  the  small  plants  have  attained  sufficient 
size  to  permit  of  stirring  the  soil  about  them.  Where  these  soils  con- 
tain considerable  sand  they  are  ideal  for  onion  culture.  It  is  upon 
this  class  of  soil  that  the  greater  part  of  the  Bermuda,  Spanish,  and 
ECTptian  onions  are  grown. 

^andy  soils,  especially  where  underlain  by  a  well-drained  clay 
subsoil,  are  often  well  adapted  to  onions.  Soils  of  this  character 
generally  require  heavy  applications  of  fertilizers  before  they  will 
produce  a  paying  crop,  but  the  quality  of  the  product  is  excellent. 
Onions  grown  on  sandy  loams  are  generally  solid,  heavj^,  and  of 
excellent  keeping  quality.    Where  sandy  soils  are  lacking  in  humus 
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this  may  often  be  applied  by  means  of  crops  of  legumes  grown  upon 
the  land  and  plowed  under. 

Throughout  the  north-central  part  of  the  United  States  there  are 
vast  tracts  of  peat  or  muck  soils  that  are  capable  of  producing 
onions.  Before  planting  to  onions,  however,  these  soils  must  be 
cleared,  drained,  and  brought  to  a  suitable  state  of  cultivation.  In 
many  cases  this  process  will  require  two  or  three  years'  time,  but 
sometimes  the  soil  can  be  broken  during  the  early  wmter,  allowed  to 
lie  exposed  to  the  action  of  frost,  then  worked  down  and  planted  to 
onions  the  following  spring.  Some  of  the  largest  onion  farms  are 
located  on  muck  lands.  Tne  store  of  plant  food  in  muck  soil  is 
usually  large,  but  often  it  is  not  in  available  condition,  and  heavy 
applications  of  manure  and  conmiercial  fertilizers,  especially  super- 
phosphate and  potash,  are  essential  to  profitable  crops. 

CULTURAL  METHODS 

The  onion  belongs  to  that  class  of  crops  which  gives  best  results 
imder  very  intensive  culture,  and  the  greatest  yields  are  secured 
where  a  moderate  acreage  is  planted  and  the  work  conducted  in  a 
most  thorough  manner.  There  is  nothing  technical  about  the  grow- 
ing of  onions,  but  close  attention  and  frequent  cultivation  are  essen- 
tial. Once  tne  weeds  get  a  start,  the  cost  of  production  will  be 
greatly  increased,  or  the  crop  may  be  lost  altogether. 

PREPARATION  OF  NEW  LAND 

As  a  general  rule  new  land  is  not  adapted  to  onion  growing  until  it 
has  been  worked  one  or  two  years  with  other  crops.  Onions  should 
follow  some  row  crop  that  has  been  kept  free  from  weeds  the  previous 
season.  Corn,  beans,  and  potatoes  are  suitable  crops  with  which  to 
precede  onions.  Muck  and  sandy  soils  may  in  some  cases  be  brought 
to  a  suitable  condition  for  onions  the  first  season,  but  the  fitting  will 
have  to  be  very  thoroughly  performed.  The  land  should  be  plowed 
in  the  autumn,  then  replowed  in  the  spring,  after  which  numerous 
harrowings  and  doubtless  some  hand  work  will  be  required  to  get 
the  soil  in  suitable  shape. 

If  necessary  to  manure  the  land  heavily  before  planting  to  onions, 
it  will  be  desirable  to  plant  to  some  farm  crop  one  season,  then  apply 
the  manure  during  tne  autumn  in  order  to  give  it  time  to  become 
incorporated  with  the  soil.  Owing  to  the  value  of  good  onion  land 
it  would  not  be  advisable  to  devote  it  to  general  farm  crops  for  any 
extended  period,  although  corn  is  frequently  planted  and  oats  or  rye 
are  sometimes  used  in  the  North.  Cowpeas  may  be  of  great  service 
in  bringing  new  land  into  shape  for  planting  to  onions. 

CROP  ROTATION 

Onions  should  not  be  planted  on  the  same  piece  of  land  year  after 
year,  but  some  system  of  crop  rotation  should  be  maintained.  Care 
should  be  taken,  however,  to  use  crops  in  the  rotation  that  will  not 
be  exhaustive  of  the  high  fertility  necessary  in  the  onion  land.  Dur- 
ing the  years  when  the  land  is  not  devoted  to  onions  it  can  be  planted 
to  some  truck  crop  that  will  give  a  return  that  will  justify  the  appli- 
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cation  of  large  quantities  of  fertilizers,  or,  better,  to  a  leguminous 
crop  to  be  turned  imder  as  green  manure.  Continuous  cropping  with 
onions  will  cause  the  land  to  become  infested  with  both  disease  and 
insect  enemies  that  will  sooner  or  later  injure  the  crop  to  such  an 
extent  as  to  render  it  unprofitable. 

PREPARATION  OP  THE  SOIL 

Assuming  that  the  land  intended  for  planting  to  onions  is  capable 
of  being  brought  to  a  good  mechanical  condition,  is  fertile^  well 
drained,  and  reasonably  free  from  weed  seeds,  the  first  step  m  the 
production  of  the  crop  will  be  to  plow  moderately  deep,  then  harrow, 
disk,  roll,  and  drag  until  the  sou  is  smooth  and  mellow  to  a  depth 
of  5  to  7  inches.  The  method  of  preparing  the  soil  will  depend  some- 
what upon  ifs  character,  the  manner  of  planting  to  be  followed,  and 
the  requirements  for  irrigation.  There  are  few  truck  or  other  crops 
that  require  so  careful  fitting  of  the  soil  as  do  onions,  and  it  is  essen- 
tial that  the  fertilizers  be  well  mixed  with  the  soil. 

On  soils  that  are  naturally  well  drained  and  where  surface  water 
can  not  accumulate,  the  plowing  may  be  done  in  lar^e  blocks,  but 
where  the  opposite  conditions  are  found  or  irrigation  is  practiced  it 
may  be  necessary  to  plow  the  land  in  narrow  beds.  In  the  case  of 
insufficient  drainage  it  will  be  desirable  to  throw  the  soil  into  beds, 
leaving  double  furrows  between  the  beds  to  carry  off  surplus  water. 
Where  the  flooding  system  of  irrigation  is  practiced  the  beds  must 
be  leveled  and  a  system  of  ditches  and  ridges  provided  for  distrib- 
uting and  controlling  the  water.  Where  it  is  merely  desired  to  secure 
surface  drainage  the  beds  may  be  from  75  to  150  feet  in  width,  but 
for  irrigation  purposes  the  beds  are  generally  but  12  or  15  feet  in 
width.  If  spring  plowing  is  practiced  the  soil  should  be  harrowed 
closely  behind  the  plow  in  order  to  prevent  drying  out. 

For  cutting  and  pulverizing  the  soil  there  is  perhaps  no  tool  as 
serviceable  as  the  disk  harrow.  There  is  a  type  of  disk  having  four 
gangs,  in  two  sets,  one  combination  in  front  of  the  other  and  so 
arranged  that  the  soil  is  first  turned  to  the  center  and  then  turned 
outward  a^ain  by  means  of  the  rear  combination.  This  tool  turns 
the  soil  twice  and  leaves  it  in  a  level  condition.  For  smoothing  and 
leveling  the  soil  behind  the  plow  a  harrow  of  the  type  shown  in  Fig- 
ure 1  is  very  desirable ;  this  tool  not  only  levels  but  turns  and  crushes 
the  soil  at  the  same  time. 

On  land  that  has  been  plowed  during  the  autumn  and  requires 
replowing  in  the  spring,  a  device  of  the  type  shown  in  Figure  2  will 
answer  and  will  do  the  work  more  rapidly  than  the  plow.  This  tool 
is  especially  adapted  to  bedding  up  land  that  has  been  previously 
plowed. 

For  imparting  the  final  smoothing  touch  to  the  soil  before  planting 
there  is  a  device  consisting  of  a  large  number  of  small  disks  set  in  a 
wooden  frame  (fig.  3)  which  does  about  the  same  work  as  a  steel  rake, 
but  in  a  rapid  manner.  A  drag  or  float  made  from  several  pieces  oi 
scantling  nailed  together  may  be  used  for  this  purpose,  or  if  the  soil 
is  very  loose  a  roller  should  be  run  over  it.  The  final  leveling  should 
be  performed  with  a  tool  that  will  fill  and  obliterate  all  tracks  or 
other  depressions  in  the  soil,  leaving  a  smooth,  even  seed  bed  for 
either  seed  sowing  or  transplanting. 
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FERTILIZERS 

As  the  onion  is  an  intensive  crop  and  should  yield  great  quantities 
of  marketable  bulbs  for  the  area  plant«d,  the  grower  is  justified  in 
fertilizing  heavily.  It  would  be  difficult  indeed  to  make  the  soil  too 
rich  for  onions,  provided  the  manures  are  thoroughly  incorporated 
with  the  soil.  A  heavy  application  of  fresh  raw  manure  just  before, 
planting  would  have  an  injurious  effect,  but  where  the  manure  is 
well  rotted  and  uniformly  applied  there  is  nothing  to  be  feared. 


There  is  perhaps  no  fertilizer  so  well  adapted  to  the  production  of 
onions  as  plenty  of  disease-free,  well-composted  stable  manure,  and 
the  quantitv  and  frequency  of  application  will  depend  upon  the 
nature  of  tfie  land  under  cultivation.  The  Bermuda-onion  growers 
of  southwestern  Texas  apply  as  high  as  20  tons  of  sheep  and  goat 
manure  to  an  acre  every  three  years.     In  addition  to  the  manure 


1,— Hnri-ow  tor  hi 


there  is  used  1,000  to  2,000  pounds  of  cottonseed  meal  or  commei-oial 
fertilizer,  and  sometimes  a  top-dressing  of  nitrate  of  soda.  This 
sheep  and  goat  manure,  from  animals  that  are  fed  largely  on  cotton- 
seed meal,  is  saved  in  the  corrals  in  a  climate  where  there  is  very 
little  rain,  and  contains  the  essential  fertilizing  ingredients  in  very 
high  percentages.  The  manure  is  first  piled  where  a  little  water  can 
be  thrown  over  it  and  it  is  composted  for  several  months  before 
spreading  on  the  land.  The  best  results  from  this  manure  are  not 
realized  until  the  second  or  even  the  third  year  after  its  application. 
All  stable  manure  used  on  onion  land  should  be  well  composted 
before  use  and  then  spread  upon  the  land  several  months  before 
planting  to  onions.  In  the  Northern  States  the  manure  may  be  ap- 
plied during  the  autumn  and  well  disked  into  the  soil.  The  land 
can  then  be  allowed  to  lie  in  the  rough  state  and  exposed  to  the 
action  of  frost  during  the  winter,  or  it  can  be  smoothed  and  seeded 
to  rye,  in  which  case  it  will  be  necessary  to  replow  early  in  spring. 
In  the  Bermuda  district  the  manure  should  be  applied  during  the 
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Spring  and  the  land  kept  frequently  stirred  during  the  i^ummer,  with 
occasional  irrigations  in  order  to  incorporate  the  manure  and  destroy 
weeds;  the  planting  is  not  done  until  tne  autumn.  Another  practice 
in  the  Bermuda  district  is  to  apply  fresh  manure  broadcast  at  the 
rate  of  10  to  12  tons 
to  the  acre  during 
the  spring,  then 
plant  to  corn  and 
cultivate  through 
the  early  summer, 
and  add  a  top-dress- 
ing of  well -rotted 
manure  after  plow- 
ing the  land  for 
onions  in  the  au- 
tumn. This  top- 
dressing  should  be 
well  worked  into 
the  soil  by  means 
of  disk  harrows. 
Large  quantities  of 
fresh  manure  ap- 
plied on  onion  land 
just  before  planting 
will  have  a  tend- 
ency   to    produce  an  !--.<;uhi;2.—U1«1i  plow  u«d  for  njatllogliiiid 

overgrowth  of  tops 

at  the  expense  of  the  bulbs.    This  is  especially  true  on  irrigated  lands 

and  soils  tliat  are  naturally  moist. 


A  fertilizer  that  is  suited  to  the  growing  of  potatoes  will  serve 
quite  well  for  onions,  but  the  potash  should  perhaps  be  supplied  in 
the  form  of  muriate  rather  than  of  sulphate.  A  fertilizer  adapted 
to  the  growing  of  onions  should  contain  4  to  5  per  cent  of  nitrogen, 
8  to  10  per  cent  of  phosphoric  acid,  and  8  to  10  per  cent  of  potash. 


FlQDBB  3. — Device  used  for  »mootbln|r  toll  before  sesdlng 

A  fertilizer  of  this  character  can  be  profitably  applied  at  the  rate  of 
1,000  pounds  to  the  acre  on  most  soils.  Where  very  intensive  cultiva- 
tion is  practiced  it  may  be  profitable  to  apply  as  much  as  a  ton  to  the 
acre  in  addition  to  stable  manure. 

138837=— 3T 2 
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Commercial  fertilizers  should  be  applied  shortly  before  sowing 
the  seed  and  should  be  uniformly  distributed  and  thoroughly  workea 
into  the  soil.  There  are  fertilizer  distributors  that  scatter  the  fer- 
tilizer broadcast,  but  where  an  amount  not  exceeding  1,000  pounds 
of  fertilizer  to  the  acre  is  being  used  the  work  of  distribution  may 
be  performed  by  means  of  a  common  grain  drill  having  a  fertilizer 
attachment.  On  a  small  scale  the  work  is  generally  performed  by 
hand. 

Many  growers  follow  the  practice  of  applying  only  a  part  of  the 
fertilizer  at  planting  time,  reserving  the  balance  to  be  put  on  as  a 
top-dressing  at  some  time  during  the  period  of  cultivation.  This 
plan  is  especially  desirable  where  onions  are  grown  during  the  win- 
ter, as  the  application  of  highly  nitrogenous  fertilizers  in  the  autumn 
is  liable  to  promote  a  soft  growth  that  will  be  injured  by  cold.  If 
the  fertilizer  is  not  put  on  until  cold  weather  is  over,  the  crop  may  be 
forced  without  danger  of  injury.  For  this  purpose  only  those  fer- 
tilizers of  a  very  available  form  will  answer.  Nitrate  of  soda  is 
frequently  used  as  a  top-dressing  during  the  height  of  the  growing 
period. 

PLANTING 

Most  of  the  onions  grown  in  the  United  States  are  started  from 
seed.  Propagation  from  seed  is  conducted  by  three  more  or  less 
distinct  methods:  (1)  By  sowing  the  seed  in  the  rows  where  the 
crop  is  to  grow  and  mature;  (2)  by  sowing  the  seed  in  specially 
prepared  beds  and  transplanting  the  seedlings  to  the  open  ground; 
and  (3)  by  first  growing  sets  from  seed  and  then,  after  keeping  them 
througn  the  winter,  planting  them  in  the  field  to  produce  the  crop 
of  mature  bulbs.  Of  these  three  methods  the  one  first  mentioned  of 
seeding  in  the  rows  where  the  crop  is  to  mature  is  the  one  most  used 
on  a  very  large  scale. 

SEEDINQ  IX  BOWS 

In  the  northern  onion-growing  districts  the  seed  is  sown  as  early 
in  the  spring  as  the  soil  can  be  brought  to  the  proper  condition. 
While  it  is  desirable  to  plant  quite  early,  it  never  pays  to  sow  the 
seed  before  the  land  is  in  the  best  possible  condition.  When  the 
soil  has  been  brought  to  a  smooth,  even  surface  and  is  fine  and  mel- 
low, the  seed  is  sown  by  means  of  a  common  seed  drill,  of  which 
there  are  several  makes  on  the  market.  The  hand  drills  which  sow 
one  row  at  a  time  are  extensively  employed,  but  many  of  the  larger 
growers  employ  a  gang  of  drills  hitched  together  and  plant  from 
five  to  seven  rows  at  once.  In  heavy  or  moist  soils  the  depth  to 
cover  the  seed  should  not  be  more  tnan  one-half  to  three-fourths 
inch,  while  on  loose  and  sandy  soils  the  seed  may  be  covered  about 
an  inch. 

Where  hand  cultivation  is  practiced  throughout,  the  usual  distance 
between  rows  is  12  to  16  inches.  Where  horse  culture  is  employed  the 
distance  between  rows  varies  between  24  and  36  inches.  The  Quantity 
of  seed  required  to  plant  an  acre  will  depend  both  upon  the  oistance 
between  rows  and  the  purpose  for  which  the  onions  are  being  grown. 
For  the  growing  of  standard  market  onions  in  rows  14  inches  apart, 
about  41/^  pounds  of  first-class  seed  will  be  required.  With  the  rows 
3  feet  apart,  but  1^  to  ly^  pounds  will  be  necessary.    Where  it  is 
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desired  to  produce  small  onions  for  pickling  purposes,  the  amount  of 
seed  may  be  as  great  as  25  pounds  to  an  acre.  Good  seed  is  essential, 
and  if  there  is  any  doubt  regarding  the  vitality  of  the  seed  it  should 
be  tested  before  planting  oy  counting  and  planting  400  or  500 
seeds  in  a  window  box  and  then  determining  the  germination  by 
counting  the  seedlings  after  10  days'  or  2  weeks'  time.  First-class 
seed  is  seldom  sold  at  a  low  price  and  good  seed  at  $1.50  or  even  $2.60 
a  pound  may  be  cheaper  in  the  end  than  poor  seed  at  50  cents.  Old 
and  inferior  seeds  are  not  only  low  in  percentage  of  germination,  but 
lack  the  vitality  necessary  to  produce  strong,  healthy  plants.  There 
are  dealers  who  make  a  specialty  of  securing  and  furnishing  extra- 
quality  onion  seed,  and  while  their  prices  are  often  somewhat  above 
tne  fi:eneral  market  the  seed  furnished  by  them  is  preferable  to 
ordinary  seed. 

Experienced  growers  are  able  by  using  extreme  care  in  regulating 
the  drills  to  distribute  onion  seed  in  rows  where  the  crop  is  to  mature 
so  that  little  thinning  will  be  necessary.  Thinning  is  generally  left 
until  the  time  of  the  first  hand  weeding,  when  aU  thick  bunches 
along  the  rows  are  thinned  to  a  uniform  stand  of  8  or  10  plants  to 
the  foot.  It  is  always  well,  however,  to  allow  for  considerable 
loss  of  plants,  and  imless  the  plants  are  so  thick  as  to  actually  crowd, 
thinning  will  not  be  necessary. 

TRANSPLANTING  METHOD  OF  QBOWING  ONIONS 

The  transplanting  process  is  merely  a  modification  of  the  regular 
seeding  method.  The  objects  gained  by  transplanting  are  an  earlier 
crop,  a  uniform  stand,  and  bulbs  of  more  regular  size.  Practically 
the  entire  crop  of  Bermuda-type  onions  grown  in  the  United  States 
is  handled  in  this  manner.  Where  a  small  area  is  to  be  grown,  the 
transplanting  process  is  the  ideal  method,  but  for  large  acreages 
where  labor  is  difficult  to  obtain  this  would  not  be  practical.  After 
transplanting,  the  seedling  will  require  rain  or  watering,  and  for 
this  reason  the  transplanting  j)rocess  is  practically  limited  to  areas 
where  some  form  of  irrigation  is  available. 

In  growing  onions  by  the  transplanting  method  the  seed  is  sown 
in  greenhouses,  hotbeds,  coldframes,  or  specially  prepared  beds  at 
the  rate  of  3i/^  or  4  pounds  for  each  acre  to  be  planted.  Onion 
seedlings  are  now  being  grown  in  neat  quantities  by  southern  plant 
growers  and  are  shipped  to  northern  onion  growers.  When  the 
seedlings  are  ^own  under  cover,  they  are  given  the  necessary  at- 
tention regarding  watering  and  ventilation  and  kept  growing  quite 
rapidly  until  near  the  time  for  setting  them  in  tne  open  ground. 
As  planting  time  approaches,  the  seedhngs  are  "  hardened  "  or  pre- 
pared for  transplanting  by  increased  ventilation  and  exposure  and 
by  withholding  water.  When  ready  to  transplant,  the  seedlings 
should  be  somewhat  smaller  than  a  lead  pencil  and  rather  stocl^. 
The  plants  are  lifted  from  the  seed  bed  and  the  roots  and  tops  both 
trimmed  somewhat,  as  shown  in  Figure  4.  They  are  then  packed 
neatly  in  shallow  boxes  for  removal  to  the  field  where  they  are  to 
be  planted. 

Various  methods  are  employed  for  handling  the  plants  in  setting. 
As  a  rule,  a  line  is  used  and  the  land  marked  to  indicate  the  location 
of  rows.    Several  methods  are  employed  for  marking  the  distance 
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between  plants  in  the  rows.  A  marking  device  much  used  by  the 
Bermuda-onion  growers  in  Texas  consists  of  a  sectional  roller  with 
the  sections  the  same  distance  apart  as  the  distance  between  the  rows 
and  each  section  provided  with  conical  pins  to  form  the  holes  in 
which  the  plants  are  set.  The  objection  to  the  sectional  roller  marker 
is  that  it  can  not  easily  be  drawn  in  a  straight  line  and  straight  rows 
are  essential  to  good  cultivation. 

After  marking  the  land,  the  plants  are  dropped  ahead  of  the 
l)lanters,  or  they  may  be  kept  in  the  trays  and  simply  removed  as 

planted.  The  trans- 
planting process  con- 
sists mamly  in  pushing 
the  root  end  of  the 
seedling  into  tlie  soil 
with  one  finger  and 
then  firming  the  soil 
about  the  plant.  This 
work  is  very  laborious 
and  can  only  be  per- 
formed economically 
by  very  cheap  labor. 
A  small  plow,  such  as 
is  generally  included 
with  the  attachments 
of  the  wheel  hoe  (fig. 
5),  is  often  employed 
for  opening  a  rurrow 
in  which  to  set  the 
small  onion  plants.  As 
the  plants  are  set  the 
soil  is  either  drawn 
about  them  by  hand,  or 
the  plow  may  again  be 
used  for  this  purpose. 
In  the  Bermuaa-onion 
district  the  work  of 
transplanting  is  as  a 
rule  done  by  contract. 
In  transplanting,  all  inferior  plants  should  be  rejected,  thus  insur- 
ing a  more  nearly  perfect  stand  and  development. 

PROPAGATION   BY    SETS 

The  use  of  sets  is  still  another  modification  of  the  regular  seed- 
ling method,  in  which  the  seed  is  planted  one  year  to  form  the  sets 
from  which  to  grow  a  crop  of  mature  onions  the  following  year. 
Like  the  transplanting  process  the  use  of  sets  is  limited  in  its  appli- 
cation. Onions  grown  from  sets  will  ripen  earlier  than  those  irom 
seed  sown  in  the  field,  but  the  use  of  sets  for  commercial  onion 
growing  is  not  so  practical  as  transplanting  seedlings,  because  of 
the  high  cost  of  sets.  In  planting  onion  sets  a  furrow  about  2  inches 
deep  IS  opened,  the  sets  being  dropped  about  3  inches  apart  and 
firmly  covered.  The  Quantity  of  sets  required  to  plant  an  acre  will 
depend  upon  their  individual  size  and  planting  mstances,  but  it  is 
generally  between  15  and  22  bushels. 


FiQUBB   4. — Seedling   onion    plants    trimmed   ready    for 

transplanting 
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CULTIVATION 

The  cultural  requirements  of  the  onion  are  frequent  shallow  stir- 
ring of  the  soil  and  freedom  from  weeds.  The  feeding  roots  of  the 
onion  run  close  to  the  surface  of  the  soil  and  should  not  be  disturbed 
by  deep  cultivation.  Sometimes  a  heavy  rain  immediately  after 
seeding  will  so  pack  the  surface  that  the  seedlings  can  not  break 
througn.  Under  such  circumstances  it  will  be  necessary  to  slightly 
break  the  surface  by  means  of  a  steel  rake  or  a  rakelike  attachment 
on  a  cultivator.  As  soon  as  the  plants  are  up  and  the  rows  can  be 
followed  the  cultivator  should  be  started  to  loosen  the  soil,  which  is 
always  more  or  less  compacted  during  seeding. 

HAND  CULTIVATION 

Where  the  rows  are  14  inches  or  less  apart,  the  work  of  caring 
for  the  crop  must  all  be  done  by  hand.  For  this  purpose  the  wheel- 
hoe  tools  of  various 
types  are  essential. 
These  implements 
are  provided  with 
several  kinds  of 
lK)es,  cutters,  and 
sweeps  designed  to 
work  the  soil  away 
from  the  plants,  to 
shave  the  surface 
and  destroy  weeds, 
and  to  stir  the  soil 
and  work  it  back 
around  the  plants. 
Onions  grown  on 
muck  and  alluvial 
soils  will  require 
from  8  to  14  work- 
ings with  the  wheel-hoe  implements;  on  sandy  soils  it  will  not  be 
necessary  to  cultivate  so  frequently. 

Several  types  of  wheel  hoe  are  in  use,  but  those  having  a  single 
wheel  and  passing  between  the  rows  are  most  desirable.  Those  of 
the  type  shown  in  Figure  5  are  good.  Many  growei-s  have  desinjned 
special  implements  to  suit  the  requirements  of  their  soils;  two  of 
tnese  are  shown  in  Figure  6,  the  one  designed  to  cut  the  soil  away 
from  the  row  and  the  other  to  stir  and  work  the  soil  back  to  the 
row.  Some  of  the  growers  in  the  onion  fields  near  Chicago  have 
adopted  a  hoe  stock  consisting  of  a  pair  of  light  plow  handles,  an 
iron  stock,  and  the  front  wheel  of  a  bicycle.  To  the  stock  of  this 
device  may  be  attached  almost  any  form  of  sweep  or  cutter,  and  the 
implement  is  exceptionally  easy  to  propel.  The  wide  distance 
between  the  handles  places  the  implement  w^U  under  the  control  of 
the  operator.  Figure  7  gives  an  idea  of  the  general  appearance  of 
this  implement. 

H(HtSB  CULTIVATION 

In  sections  where  onions  are  grown  on  a  soil  that  is  not  well 
adapted  to  hand  culture  the  rows  are  placed  30  to  36  inches  apart 


B^iGCBE  5. — Whwl  hoe  adapted  to  working  onions 
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and  the  cultivation  is  performed  By  means  of  horse-drawn  tools. 
This  is  particularly  true  where  onions  are  grown  on  the  black  waxy 
soils  of  Texas  and  other  soils  of  the  prairie  type.    As  with  hand 


FiouBc  0. — Special  wbecl  boet  tar  cuUlvatlog  anions 

culture,  frequent  shallow  stirring  of  the  soil  is  essential,  the  work 
generally  being  performed  with  one  of  the  harrow-tooth  cultiTators. 
Those  of  the  type  shown  in  Figure  8  are  well  adapted  to  this  work. 

An  implement 
known  as  a  weeder 
can  be  used  for 
breaking  the  sur- 
face before  the 
seedlings  appear ; 
also  for  eeneral 
cultivation  Tiy  re- 
moving a  tooth  at 
the  pomt  where  the 
rows  are  located." 

BAUD  WKB>l?IO 

It   is    well-ni^ 
impossible  to  pro- 
duce   a    crop    of 
onions    without 
FiouEB  7.— High  whe*l  type  of  hoe.     (Patepied)  some    hand    Weed- 

ing, During  fayor- 
able  seasons  the  strictly  handwork  may  be  reduced  to  but  one  or  two 
weedings,  but  a  greater  number  will  be  necessary  during  rainy  sea- 
sons.   Each  hana  weeding  will  cost  from  $5  to  $1S  an  acre,  according 
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to  wages  paid  and  the  number  of  weeds  present.  The  work  of  hand 
weeding  may  be  facilitated  by  the  use  of  some  of  the  small 
hand  tools  designed  for  the  purpose.  Among  these  tools  might 
be  mentioned  the  onion  hoe  (fig,  9),  the  hand  weeder  (fig.  lU), 
and  the  thinning 
or  weeding  hook 
(fig.  11).  Girls 
ana  boys  are  ex- 
pert at  hand 
weeding,  the  prac- 
tice being  to  work 
them  in  gangs  of 
10  to  20  with 
oyerseer      behind  , 

E^GOBX  8. — 3ina11-tootb  hone  cnltlTator 

!  wages  paid  for  this  class  of  work  are  $1.50  to 


IRSIQATION 

Outside  of  the  areas  where  irrigation  methods  are  depended  upon 
for  the  production  of  general  crops  it  is  not  customary  to  use  arti- 
ficial watering  in  the  growing  of  onions.  In  a  few  cases  the  land  has 
been  equipped  with  overhead  sprinkhng 
systems  which  are  employed  to  moisten 
the  soil  after  the  seed  is  planted  and  also 
during  extremely  dry  weather.  On  peat 
and  muck  soils  the  young  seedlings  are 
frequently  lost  by  the  dry  muck  blowing 
with  the  nigh  winds  of  early  spring.  In 
this  way  a  part  of  the  field  may  have 
the  soil  blown  off  to  such  an  extent  that 
the  plants  will  be  left  without  soil  about 
them,  while  other  portions  of  the  field  will 
be  covered  by  1  or  2  inches  of  loose  muck. 
TTie  use  of  a  small  quantity  of  water 
sprayed  over  the  field  will  sometimes  pre- 
vent this  shifting  of  the  soil  during  a 
windstorm  but  will  not  prevent  the  accu- 
mulation of  muck  blown  on  to  the  plants 
from  adjacent  nonirrigated  areas.  Sandy 
soils  are  also  subject  to  the  action  of 
winds  to  a  greater  or  less  extent,  and 
losses  may  be  prevented  by  the  timely  ap- 
plication of  water  over  tlie  surface, 
tion  is  employed  in  the  growing  of  or 

Throughout  the  Bermuda  district  of  the  Southwestern  States 
surface  irrigation  is  almost  universally  employed.  The  Bermuda 
onions  are  planted  mostly  in  comparatively  level  beds  with  dividing 
ridges  and  are  flooded  once  each  week  or  10  days  during  the  growing 
period.     About  a  week  before  the  plants  are  set  the  soil  is  flooded 
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1  a  few  instances  subirriga- 
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and  then  worked  over  with  disk  and  smoothing  harrows  just  ahead 
of  the  planters.  Within  a  day  or  two  after  planting  the  land  is 
again  flooded  and  the  surface  water  drawn  on;  this  process  is  re- 
peated, with  alternate  cultivations,  as  often  as  required.  Toward 
the  end  of  the  growing  season  the  water  is  withlield  to  allow  the 
bulbs  to  ripen.  As  a,  rule  about  10  waterings  in  all  are  required,  at 
a  cost  of  about  $2.50  an  acre  for  each  watering,  or  $25  per  acre 
altogether.  Figures  12  and  13  give  a  good  idea  of  the  methods  of 
applying  the  water  in  the  Bermuda-onion  growing  district. 

In  the  principal  Bermuda-onion  growing  districts  the  water  for 
irrigation  purposes  is  obtained  only  after  the  expenditure  of  thou- 
sands of  dollars  for  pipe  lines  and  pumping  machinery.     The  cost 
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of  watering  as  given  above  does  not  include  any  share  of  the  original 
cost  for  installation  or  water  charges,  but  covers  only  the  labor. 

HARVESTING  AND  CURING 

In  the  northern  onion  districts  the  crop  ripens  and  is  harvested 
during  the  latter  part  of  the  summer  and  early  autumn.  As  a  rule 
the  work  of  harvesting  onions  begins  late  in  July  and  is  practically 
completed  and  the  crop  housed  before  October.  In  the  Soutliem 
States,  where  the  crop  is  grown  during  the  winter,  the  harvesting 
and  marketing  period  is  during  the  spring  and  is  practically  ended 
before  the  northern  product  comes  upon  the  market. 

In  the  N^orth  the  bulbs  are  allowed  to  become  as  ripe  as  possible 
before  removing  them  from  the  soil.     Growei's  prefer  that  tne  tops 
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ripen  down  and  shrivel  and  that  the  outer  skin  of  the  bulbs  be  dry 
before  they  are  pulled.  Figure  14  shows  a  field  of  onions  in  prime 
condition  for  gathering.  To  the  southward,  where  the  onions  are 
not  cured  so  thoroughly,  they  are  often  pulled  about  the  time  that 
the  tops  begin  to  break  and  fall.  The  ripening  process  often  may 
be  hastened  by  rolling  a  very  light  toller  or  a  barrel  over  the  tops 
to  break  them  down.  This  process  is  frequently  spoken  of  as 
"  barreling." 

"Where  the  bulbs  are  practically  upon  the  surface  they  may  be 
pulled  by  hand  and  thrown  in  windrows  consisting  off  8  or  10  onion 
ron-s.  It  the  onion  bulbs  are  considerably  covered  with  soil  it  will 
l>e  necessary  to  employ  a  1-horse  plow  or  a  cultivator  with  a  sweep 
attached  for  lifting  them.     In  any  case  it  will  be  necessary  to  gather 
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them  from  the  soil  by  hand.  After  lying  in  the  windrows  for  sev- 
eral days  and  being  stirred  occasionally  with  wooden  rakes,  the  tops 
are  removed  eitheroy  twisting  or  cutting  with  ordinary  sheep  shears. 
In  cases  where  very  briglit  color  ^is  important^  as  with  fancy  White 
Globe  onions,  and  thifi. vultt' be  fnjUrerf  by  exposure  to  the  sun  and 
'rain,  the  bulbs  af&'cute'd 'In- ioh&,MraVr6w,!  low  ricks  formed  by 
placing  several  rows  pi  onions  4aid -with  tiie  bulbs  to  the  center  and 
the  tops  to  the  outi^ijl<ito  prrtect-Jthe.bulfis.  ■  As  the  tops  are  removed 
the  bulbs  are  generally  plated  In'  cVates  foV  drying.  Onion-topping 
machines  frequently  are  employed,  the  bulbs  being  hauled  from  tlie 
lield  to  a  central  location  and  run  through  the  topper.  These  ma- 
chines remove  the  tops,  grade  the  bulbs,  and  deliver  them  into  the 
crates  or  bags.  If  crates  are  not  employed  for  curing,  the  bulbs  are 
allowed  to  lie  in  the  windrows  for  some  time,  and  are  then  either 
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put  into  sacks  or  hauled  to  slat  cribs,  where  the  curing  process  is 
completed.  Too  long  exposure  to  hot  sunshine  will  injure  the  bulbs. 
Figure  15  shows  a  field  of  onions  drying  in  windrows,  with  crates 
ready  for  their  removal  from  the  field. 


E  14. — Field  ot  onlanB  la  condition  For  gRtherlDS 


After  gathering  into  crates,  the  crates  are  either  stacked  in  the 
field,  hauled  to  a  central  stacking  yard  where  they  are  covered  -viiih 
boards  or  canvas,  or  hauled  to  open  sheds  and  there  piled  one  upon 
the  other  with  numerous  air  spaces  until  the  onions  are  thoroughly 
cured. 


FiauBE  15. — Onions  drying  in  windrows,  showing  creies  uwmI  (or  curing  aniS  storing 

Where  the  bulbs  are  extremely  dry  at  the  time  of  their  removal 
from  the  soil,  they  may  be  allowed  to  lie  in  the  windrows  for  a  few 
days  only,  and  then  sorted  and  cleaned  in  the  field  ready  for  pacMng 
and  marketing.    Where  onions  are  put  into  sacks  and  afterwards 
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allowed  to  remain  in  the  field,  the  sacks  should  be  supported  on  poles 
Ikid  on  the  ground,  as  shown  in  Figure  16. 

In  the  Bermuda-onion  districts,  where  only  a  short  curing  process 
is  given  to  the  crop,  it  is  the  practice  to  pack  and  load  into  the 
cars  as  soon  as  possible  after  pulling  and  topping.     When  the  ship- 

Eiug  is  at  its  height,  it  is  not  uncommon  for  onions  that  are  pulled 
rom  the  soil  in  the  morning  to  be  in  the  cars  and  on  their  way  to 
market  by  evening;  however,  a  portion  of  the  crop  is  given  a  more 
thorough  curing  process,  and  the  entire  crop  would  be  benefited  by 
at  least  two  days  of  curing  before  shipment. 
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STORAGB 

In  order  that  onions  should  keep  well  when  stored  they  must  be 

and  thoroughly  cured.    "  Thick  necks  "  or  those  that 

e,  or  soft,  should  never  be  placed  in  storage  but  should 

in  as  gathered  for  whatever  price  they  will  oring.     Good 

IS  will  rattle  almost  like  blocks  of  wood  when  poured 

ate  to  another.     In  order  that  the  bulbs  may  remain 

bright  and  of  attractive  appearance  they  sJiould  not  be  allowud  to 

lie  ex^sed  to  the  weather,  but  should  be  hauled  and  stored  in  open 

sheds  just  as  soon  as  they  may  safely  be  placed  in  1-bushel  crates. 

After  the  bulbs  have  remained  in  drying  sheds  or  cribs  for  four  or 
five  weeks  they  will  be  ready  for  screening  and  removal  to  the  store- 
house. In  handling  onions  it  is  the  rule  to  pass  them  over  a  screen 
each  time  they  are  moved,  as  in  this  way  the  loose  skins  are  removed 
and  any  soft  or  decaying  bulbs  may  be  sorted  out.    When  bags  are 
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used  for  drying  in  the  field,  tbe  onions  are  scremed  in  the  manner 
shown  in  Figure  17,  and  the  bags  refilled  for  hauling  to  the  storage 
house. 

The  essentials  for  the  successful  storage  of  onions  are  suitable  con- 
tainers, plenty  of  ventilation,  a  comparatively  low  temperature,  dry- 
ness, and  safety  from  actual  freezing.  Any  building  wherein  the 
above  conditions  may  be  secured  will  answer,  but  houses  of  the  type 
shown  in  Figure  18,  which  are  built  especially  for  the  purpose,  are 
most  satisfactory. 

The  construction  of  the  storage  house  should  be  double  throughout, 
with  plenty  of  felt  or  paper  lining.  Both  top  and  bottom  ventilation 
should  be  provided,  and  the  ventilator  openings  should  have  doors 
that  may  be  closed  to  control  the  temperature.    The  floors  are  con- 
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structed  of  narrow  planks  with  half-inch  spaces  between  the  planks 
for  tlie  passage  of  air.  Bottom  ventilation  is  frequently  secured  by 
means  of  drainpipes  built  into  the  foundation  at  the  surface  of  the 
ground.  These  pipes  are  carried  some  distance  toward  the  center 
of  the  house  ana  discharge  the  cool  air  at  a  point  where  it  is  most 
needed. 

The  temperature  of  the  storage  house  should  be  carried  as  low 
as  possible  without  actual  freezing.  During  extremely  cold  weather 
the  ventilator  openings  and  doors  should  be  kept  closed  to  keep  out 
cold  air,  and  after  the  onions  have  become  thoroughly  chilled  the 
house  should  be  kept  closed  in  order  to  hold  the  temperature  down 
and  prevent  the  entrance  o£  moisture  during  warm  or  rainy  periods. 
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Dam]>,  fogey  weather  is  injurious  to  onions,  especially  if  it  follows 
a  period  oi  cold,  and  will  cause  the  bulbs  to  become  covered  with 
moisture  if  the  outside  air  is  admitted.  A  little  artificial  heat  from 
a  stove  or  radiator  may  be  required  during  excessively  cold  weather, 
but  so  long  as  the  temperature  in  tlie  house  does  not  fall  below  'A'2°  F. 
there  will  be  no  danger  of  injury.  A  temperature  of  36°  to  38°  will 
give  good  results. 

The  best  method  of  storing  onions  is  in  standard-size  slat  crates 
20  inches  long,  16  inches  wide,  and  14  inches  deep,  outside  measure- 
ments. The  material  for  the  sides  and  bottom  is  about  three-eightlis 
inch  thick  and  2^4  inches  wide,  four  pieces  being  used  to  form 
a  side.  The  corners  are  reinforced  on  the  inside  by  means  of 
3-comered   pieces  of   oak,  to   which   the   slats  are   nailed.     These 
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dimensions  provide  crates  that  are  interchangeable,  the  width  of 
five  being  equal  to  the  length  of  four.  The  crates  will  also  nest 
together  when  empty,  with  one  inside  of  two  turne<l  together.  The 
full  crates  are  staclied  in  tlie  stoi-ehoiise  with  1  by  3  inch  strip 
between  them  to  allow  for  the  circulation  of  air,  as  shown  m 
Figure  19. 

Onions  are  sometimes  stored  in  slat  bins  holding  100  to  ;W0  bushels 
each.  Bags  are  also  used  to  some  extent,  but  neither  bugs  nor  bins 
are  as  satisfactory  as  the  crates,  on  account  of  the  difficulty  in  pro- 
viding the  necessary  ventilation  and  change  of  air  through  the 
onions.  Bulbs  stored  in  bags  or  bins  must  be  more  thoroughly  cured 
than  those  stored  in  crates.  There  are  single  large  storehouses  in 
use  that  will  accommodate  50,000  to  60,000  bushels  of  onions  when 
stored  in  crates. 
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UARKBTINO' 

Large  quantities  of  onions  are  sold  and  shipped  direct  from  the 
fields  where  they  are  grown.  A  part  of  the  crop  is  held  in  tempo* 
rary  storage  until  late  autumn  or  early  winter.  During  recent 
years  the  wint«r  storage  of  onions  has  become  of  great  importance, 
and  the  finest  stock  is  Held  for  late-winter  deliveries.  The  Bermuda 
crop  from  the  southwestern  part  of  the  country  comes  on  the 
market  during  April  and  May,  so  that  most  of  the  storage  onions 
are  disposed  of  before  that  time. 

In  marketing  onions  the  first  essential  is  to  properly  grade  and 
clean  the  bulbs,  in  order  that  they  may  present  an  attractive  appear- 
ance when  offered  for  sale.     Ordinarily  the  bulbs  are  separated 
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into  three  grades — primes,  seconds,  and  picklers.  The  primes  in- 
clude all  of  those  V/^  inches  in  diameter  and  larger,  and  the 
seconds  consist  of  those  from  three-quarters  of  an  inch  to  IVi  inches 
in  diameter,  while  all  those  that  will  pass  through  a  %-inch  screen 
are  sold  for  pickling  purposes.  The  grading  is  generally  done 
in  the  field  during  the  cleaning  process,  but  as  onions  shrink  con- 
siderably while  in  storage  it  is  necessary  to  regrade  before  placing 
upon  the  market.  The  type  of  screen  used  for  grading  onions  is 
shown  in  Figure  20.  For  cleaning  the  pickling  onions  an  ordinary 
fanning  mill  is  employed,  special  screens  being  provided  for  the 
purpose. 

■  For  detailpd  Information  on  tbe  markellQK  ot  odIods.  see  tbe  roLlowIng :  United  Statn 
Department  of  Agriculture  BulletlDi  No.  1283,  Tbe  Harketlns  ■□d  Distribution  of  Amer. 
Ican-OrowD  Bermuda  Oalona,  and  No.  132S,  Marketing  OdIoub.  No.  13ZS  1>  out  of  print, 
bat  maj  be  eon  suited  Id  Ubnrlei. 
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Onions  are  placed  upon  the  market  in  1-bushel  crates,  bags,  barrels, 
1-busheI  hampers  and  baskets,  and  in  bulk.  The  folding  crate, 
shown  in  the  foreground  of  Figure  20,  is  undoubtedly  the  most  at- 
tractive package  in  use  for  marketing  onions.  The  bags  employed 
are  of  special  open-mesh  weave  and  Tiold  100  pounds.  Onions  are 
sometimes  shipped  loosely  in  cars  and  shoveled  into  barrels  or  bags 
at  their  destination. 

The  legal  weig^ht  of  dry  onions  is  ^nerally  considered  66  pounds 
to  the  standard  Dushel,  although  this  varies  somewhat  in  different 
States. 

COMMERCIAL  VARIETIES 

For  trade  purposes  onions  are  divided  into  two  large  classes — 
'^roDg"  onions  and  "mild"  onions.    Each  of  these  classes  may  again 
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times  used  (or  n 

be  divided  into  four  color  classes — white,  yellow,  brown,  and  red — and 
each  of  these  color  classes  into  those  which  will  produce  bulbs  when 
the  days  are  short  (12  hours  or  shorter)  and  those  which  require  long 
days  (13  hours  or  longer)  for  bulb  formation. 

The  short-day  varieties  are  the  ones  adapted  to  the  South  or  other 
regions  of  the  country  where  they  may  be  grown  through  the  winter, 
ana  since  they  form  bulbs  when  the  days  are  relatively  snort,  they  ma- 
ture before  the  long-day  varieties.  The  most  important  mild-fieslied, 
short-day  varieties  are  Yellow  Bermuda  fpale  yellow).  Crystal  Wax 
(white),  and  Early  Grano  (pale  yellow).  Red  Creole  and  White 
Creole  are  the  common  "strong"  short-day  varieties  and,  unlike  Yel- 
low Bermudas  and  Crystal  Wax,  are  excellent  storage  varieties.  None 
of  these  varieties  are  recommended  for  culture  in  the  North,  where 
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seed  is  sown  in  the  field  in  the  spring,  as  they  mature  so  quickly  that 
the  bulbs  are  usually  very  small. 

Sweet  Spanish  or  Valencia  is  the  mildest  flavored  of  long-day  varie- 
ties, a  fair  storage  onion  of  large  size,  yellow  skin,  and  late  maturity, 
and  somewhat  resistant  to  thrips. 

The  strong,  long-day  varieties  are  mainly  grown  in  the  major  main- 
crop  or  storage-crop  sections  of  the  northern  part  of  the  United 
States.  These  varieties  differ  in  season  of  maturity,  shape,  and  color 
as  follows :  Early  Yellow  Globe  (early,  round) ,  Ebenezer  or  Japanese 
(early,  flattened,  yellow),  Yellow  Globe  Danvers  and  Ohio  or  Michi- 
gan Yellow  Globe  (midseason,  round),  Stockton  Yellow  Globe  (Cali- 
fornia midseason,  roimd),  Southport  Yellow  Globe  (late,  round 
oval).  Red  Wethersfield  (midseason,  flat  round),  Southport  Red 
Globe  (late,  round,  oval).  White  Portugal  (midseason,  flat  round), 
Southport  White  Globe  (late,  round,  oval),  and  Australian  Brown 
(late,  round,  small). 

In  the  selection  of  varieties  for  any  particular  locality  the  soil 
and  climatic  conditions  and  market  requirements  should  both  be 
considered.  Those  adapted  to  the  muck  soils  are  the  yellow  and  red 
sorts.  For  alluvial  and  prairie  soils  the  red  and  brown  varieties  are 
to  be  preferred  while  all  kinds  .do  well  on  the  sandy  loams  and  light 
soils.  A  cleaner,  better  grade  of  white  onions  can  generally  be  pro- 
duced on  light  or  sandy  soils  than  on  muck  or  clay  loams.  Those  of 
the  Bermu(Si,  Spanish,  and  Egyptian  types  flourisn  on  the  deep,  ricli 
alluvial  soils  of  the  river  bottoms  and  delta  regions. 

Certain  of  our  markets  show  a  decided  preference  for  onions  be- 
longing to  a  particular  type.  The  red  and  brown  varieties  find 
ready  sale  on  the  markets  of  the  Middle  West,  while  onions  of  the 
yellow  and  white  varieties  are  preferred  in  the  eastern  cities.  Onions 
will  withstand  long-distance  shipment,  those  of  the  mild  type  being 
generally  more  subject  to  injury  than  the  strong  sorts.  Some  of  the 
white  varieties  also  have  a  thin  skin  and  are  easily  injured.  It 
should  be  the  aim  of  every  grower  to  employ  varieties  that  will 
withstand  handling  and  at  the  same  time  find  ready  sale  on  the 
market. 

The  top  or  tree  onion,  which  reproduces  by  means  of  small  bulb- 
lets  formed  on  the  top  of  the  seedstalk,  is  extensively  used  in  the 
production  of  early-spring  bunching  onions. 

The  multiplier  or  potato  onion  reproduces  by  a  division  of  the 
bulbs.  In  growing  this  variety  it  is  necessary  to  plant  large  bulbs 
to  produce  sets  for  the  next  year's  planting  and  small  bulbs  or  sets  for 
the  crop  of  large  onions.  The  bulbs  of  this  variety  may  remain  in 
the  soil  year  after  year  and  are  desirable  for  use  early  in  spring. 

PRODUCTION  OP  BERMUDA  ONIONS 

Bermuda  onions  are  now  an  important  commercial  crop  in  Texas 
and  California,  with  small  plantings  in  a  number  of  the  Southern 
States.  The  Bermuda  onion  fiel(£  of  Texas  are  located  around 
Laredo  and  other  points  in  or  near  the  Rio  Grande  Valley. 

SOILS  AND  CLIMATE  ADAPTED  TO  THE  BERMUDA  ONION 

Soils  of  a  silty  or  alluvial  nature  are  suited  to  the  production  of 
Bermuda  onions,  and  those  containing  considerable  sand  are  most 
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desirable.  As  already  noted  in  referring  to  fertilizers  for  onions,  the 
Bermuda  req^uires  a  very  rich  soil  for  Uie  best  results,  and  this  can 
only  be  obtained  by  first  selecting  a  good  soil  and  then  manuring 
heavily.  The  Bermuda  onion  as  grown  in  this  country  is  a  winter 
crop;  therefore,  mild  climatic  conditions  are  required.  While  the 
plants  would  withstand  considerable  freezing,  their  growth  is  seri- 
ously checked  by  cold  weather,  and  the  crop  will  not  mature  in  time 
for  the  early  market  if  grown  to  the  northward. 

CULTURAL  METHODS 

The  cultural  methods  employed  in  the  growing  of  Bermuda  onions 
are  essentially  the  same  as  those  for  ordinary  onions.  As  the  greater 
portion  of  the  crop  is  grown  in  a  region  which  has  no  regular  rainfall, 
irrigation  methods  are  employed  almost  universally.  The  greater 
part  of  the  crop  is  grown  by  the  transplanting  process  and  a  ^eat 
amount  of  hand  labor  is  required.  The  seeds  are  sown  in  specially 
prepared  outdoor  beds  from  the  middle  of  September  to  the  middle 
of  October,  and  the  seedlings  are  transplanted  to  the  field  November 
20  to  Januarv  10,  or  even  later.  From  3^^  to  41/2  pounds  of  seed 
are  required  lor  each  acre  to  be  planted ;  this  will  allow  for  discard- 
ing all  the  weaker  plants.  The  plants  are  allowed  to  remain  in  the 
seed  bed  until  they  are  from  three-sixteenths  to  one-fourth  inch  in 
diameter  before  they  are  transplanted.  As  the  seedlings  are  lifted 
the  greater  portion  of  both  the  small  roots  and  the  tops  is  trimmed 
oflf  in  order  that  they  may  be  transplanted  more  readily.     (Fig.  4.) 

HARVBSTING  AND  MARKETING 

Bermuda  onions  are  harvested  as  early  as  possible,  generally  before 
the  tops  have  become  fully  ripened.  For  removing  the  bulbs  from 
the  ground  a  1-horse  plow,  a  potato  digger,  or  a  cultivator  with  a 
cutter  wing  attached  is  employed.  The  bulbs  are  then  separated 
from  the  soil  by  hand,  the  tops  cut  off  with  shears,  and  the  onions 
thrown  in  windrows  or  piles  to  dry  in  practically  the  same  manner 
as  for  the  regular-crop  onions  in  the  North.  After  the  bulbs  have 
become  thoroughly  dry  on  the  surface  they  are  either  placed  directly 
in  the  crates  for  shipment  or  are  carried  to  a  packing  shed  to  l)e 
graded  and  packed  for  market. 

During  the  early  days  of  the  Bermuda-onion  industry  the  crop 
was  shipped  largely  in  ba^,  but  it  was  soon  found  that  the  bulbs 
were  too  perishable  for  this  method  of  handling.  At  present  the 
greater  portion  of  the  crop  is  sent  to  market  in  folding  slat  crates 
that  are  about  20  inches  long,  12  inches  wide,  and  12  inches  high. 

These  crates  hold  approximately  50  pounds  of  onions  ana  weigh 
56  or  57  pounds  when  filled.  The  cost  of  these  crates  is  about  $20 
a  hundred,  but  they  add  enough  to  the  attractiveness  and  carrying 
qualities  of  the  onions  to  make  their  use  profitable. 

YIELD  OP  BERMUDA  ONIONS  AND  PRICES  OBTAINED 

Phenomenal  yields  of  34,000  and  35,000  pounds  of  Bermuda  onions 
are  frequently  made  on  an  acre  of  land,  but  this  is  far  above  the 
general  average,  which  is  in  the  neighborhood  of  10,000  or  12,000 
pounds  to  the  acre.    Many  fields,  especially  when  planted  for  the 
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first  time,  do  not  yield  as  much  as  10,000  pounds  to  the  acre.  On 
land  that  has  been  heavily  manured  and  planted  to  onions  for 
several  years  the  yield  averages  about  16,000  pounds. 

The  best  Bermuda-onion  larms  are  valued  at  $300  to  $500  an  acre. 
In  order  to  prove  profitable,  the  growing  of  Bermuda  onions  should 
be  conducted  on  a  comparatively  large  scale.  The  necessair  land 
and  irrigation  facilities  will  require  the  initial  outlay  of  from  $10,000 
to  $30,000,  and  the  running  expenses  are  quite  heavy.  Labor  can  be 
secured  at  a  low  price,  but  is  correspondingly  inefficient  and  often 
not  to  be  had  in  sufficient  quantities.  Furthermore,  the  markets 
are  now  pretty  well  supplied  with  Bermuda  onions,  and  persons  who 
desire  to  engage  in  their  production  are  advised  to  investigate  every 
phase  of  the  industry  before  embarking  too  heavily  in  it.  Tlie 
expansion  of  the  Bermuda-onion  industry  is  limited  bj[  the  facts 
that  a  large  supply  of  bulbs  can  be  grown  on  a  comparatively  small 
area,  that  the  distance  to  market  is  great,  that  the  product  is  perish- 
able, and  that  the  markets  will  consume  only  a  limited  quantity  at 
the  prices  at  which  the  crop  can  be  sold  with  profit. 

GREEN  ONIONS  FOR  BUNCHING 

Another  phase  of  onion  culture  that  is  of  considerable  importance 
in  certain  localities  is  the  production  of  young  bunching  omons  for 
the  early  spring  trade.  In  several  sections  along  the  South  Atlantic 
coast  the  growing  of  this  class  of  onions  is  quite  an  enterprise.  Many 
persons  who  are  engaged  in  other  lines  or  work  follow  the  practice 
of  ffrowin^  a  small  area  of  bunching  onions  as  a  side  issue. 

The  varieties  known  as  multipliers  and  top  onions  are  generally 
employed  for  this  purpose ;  however,  bunching  onions  are  sometimes 
grown  from  ordinary  sets,  from  inferior  and  damaged  large  onions, 
and  from  seed. 

CULTURAL  METHODS 

For  growing  bunching  onions  the  bulbs  or  sets  are  planted  during 
the  autumn  either  in  beds  or  in  rows  12  or  14  inches  apart  with  the 
bulbs  quite  close  in  the  rows.  The  bulbs  will  start  ffrowing  within 
a  short  time  and  make  more  or  less  growth  during  the  winter.  As 
soon  as  the  weather  becomes  warm  during  the  first  months  of  spring 
the  onions  make  a  rapid  growth  and  are  ready  for  marketing  about 
the  time  peach  trees  begin  to  bloom. 

The  land  upon  which  these  onions  are  grown  should  be  rich  and 
mellow,  but  very  little  actual  cultivation  will  be  required.  Where 
the  winters  are  severe  it  may  be  necessarv  to  provide  slight  protec- 
tion, either  a  little  straw,  loose  manure,  leaves,  pine  straw,  or  com 
fodder  that  has  been  run  through  a  shreJdder.  If  the  onion  beds  are 
protected  on  the  windward  sides  by  means  of  a  windbreak  consisting 
of  a  grove  of  pine  trees,  a  fence  of  boards,  pine  boughs,  or  com 
fodder,  the  crop  will  be  ready  for  marketing  a  little  earlier  than  if 
left  exposed.  Multiplier  omons  not  gathered  for  marketing  are 
allowed  to  remain  to  form  the  bulbs  for  planting  the  following 
season. 

MARKETING 

In  marketing  this  class  of  onions  the  young  scallions  are  pulled,  the 
roots  trimmed,  and  the  outside  peeled  off,  leaving  the  stem  white  and 
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clean.  They  are  then  tied  in  small  bunches  by  means  of  soft  white 
string,  the  tops  trimmed  slightly,  and  the  bunches  packed  in  crates 
or  baskets  for  shipment  or  for  sale  on  the  local  market.  This  phase 
of  the  onion  industry  is  limited  to  small  plantings  and  is  well  suited 
to  the  general  market  garden. 

During  the  spring  and  early  summer  large  quantities  of  ordinary 
young  onions  are  pulled  when  the  bulb  is  about  the  size  of  a  50-cent 
piece,  the  roots  and  tops  are  trimmed,  and  they  are  then  bunched 
and  sold  for  stewing  purposes.  So  far  as  known,  this  class  of  onions 
is  not  shipped  to  any  great  extent,  but  is  sold  mainly  on  local  markets. 

GARLIC  AND  LEEKS 

Grarlic  is  closely  allied  to  the  onion^  but  will  remain  in  the  ground 
from  one  year  to  another  in  a  mild  clmiate  if  undisturbed.  Garlic  is 
planted  by  setting  the  small  bulbs,  or  cloves,  in  either  the  autumn  or 
early  spring.    The  culture  is  practically  the  same  as  for  the  onion. 

The  leek  also  belongs  to  the  same  class  as  does  the  onion,  but  re- 
quires somewhat  different  treatment.  The  seed  is  usually  sown  in 
beds  and  the  plants  transplanted  about  4  inches  apart  in  the  row. 
The  plants  of  the  leek  are  given  about  the  same  cultivation  as  onions, 
except  that  after  they  have  attained  almost  full  size  the  soil  is  drawn 
around  them  to  a  height  of  6  or  8  inches  to  blanch  the  fleshy  stem. 
The  leek  does  not  form  a  true  bulb  like  the  onion,  but  the  stem  is 
imiformly  thick  throughout.  Leeks  are  marketed  in  bunches,  like 
young  onions,  and  they  may  be  stored  in  cellars  for  winter  use. 

DISEASES  OP  THE  ONION 

The  onion  crop  of  the  United  States  is  by  no  means  free  from 
disease.  For  information  regarding  such  diseases  and  measures  of 
control,  the  reader  is  referred  to  Farmers'  Bulletin  1060,  Onion 
Diseases  and  Their  Control^  published  by  the  United  States  Depart- 
ment of  Agriculture,  Washington,  D.  C. 

ONION  INSECTS  AND  THEIR  CONTROL 

In  the  United  States  the  onion  crop  has  only  two  serious  insect 
pests.  Of  these,  the  onion  thrips  {Thrips  tabaci  Lind),  because  of 
its  distribution  over  the  entire  country,  is  probably  the  most  in- 
jurious. It  is  nearly  always  present  on  onions,  and  under  favorable 
conditions  it  may  increase  to  such  an  extent  as  to  become  very  de- 
structive. The  onion  thrips  is  a  very  small  louselike  insect,  pale 
brown  in  color,  and  usually  is  first  noticed  because  of  the  minute 
whitidi  spots  which  it  leaves  on  the  tips  of  the  foliage  after  rasping 
away  part  of  the  leaf  surface  in  feeding.  The  eggs  are  laid  just  be- 
neath the  surface  of  the  leaf,  and  the  insects,  in  both  the  mature  and 
immature  forms,  feed  on  the  surface  from  the  sheath  to  the  tip.  In 
serious  infestations  the  tops  of  the  onions  become  grayish  white, 
afterwards  turning  brown  and  dying.  At  such  times  the  leaves,  it 
examined,  may  be  seen  to  be  covered  with  thrips. 

The  onion  thrips  is  particularly  injurious  in  the  South,  and  in 
the  Texas  Bermuaa-onion  district  it  is  a  constant  menace  to  the  crop. 
It  is  particularly  likely  to  injure  plantings  which  follow  or  are 
adjacent  to  such  early  crops  as  cabbage,  from  which  the  thrips 
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migrate  in  great  numbers  at  harvest  time.  A  vigorous,  strongly 
growing  onion  crop  may  grow  away  from  thrips  injury,  out  if  for 
any  reason  growth  becomes  badly  cnecked,  damage  is  almost  sure  to 
result. 

Recent  experiments  ^  have  shown  that  the  thrips  can  be  controlled 
and  the  yield  materially  increased  by  the  use  of  naphthalene  dust. 
Crude  naphthalene  is  crushed  with  a  heavy  roller  on  a  cement  floor 
and  sifted  through  a  50-mesh  screen.  Forty  pounds  of  the  naphtha- 
lene is  mixed  with  60  pounds  of  hydrated  lime.  To  be  most  effective 
the  dust  should  be  allowed  to  stand  in  a  tight  container  for  at  least 
24  hours. 

The  dust  is  applied  at  the  rate  of  200  pounds  to  the  aci-e.  The 
first  application  should  be  made  when  the  injury  first  becomes  ap- 
parent and  repeated  at  intervals  of  about  a  week.  The  dust  is 
applied  with  a  rotary  hand  duster  or  with  a  power  duster  attached  to 
a  garden  tractor.  The  dust  is  directed  into  the  crown  of  the  plants. 
The  applications  should  be  made  in  the  morning  while  the  air  is  still 
and  the  plants  are  wet  with  dew.  From  3  to  5  applications,  depend- 
ing on  the  severity  of  the  infestation,  are  required. 

Thrips  may  be  fairly  well  controlled  by  spraying  with  nicotine  at 
the  rate  of  three-fourths  of  a  pint  of  a  40-percent  solution  to  50 
gallons  of  water  in  which  4  pounds  of  soap  has  been  dissolved.  Use 
a  high-pressure  sprayer  and  hold  the  nozzle  close  to  the  plants,  as 
thrips  often  feed  and  remain  protected  in  the  leaf  sheaths  and 
creases.  Clean  up  weed  patches  near  the  onion  fields  and  rake  to- 
gether and  burn  the  onion  tops  as  soon  as  the  crop  is  harvested. 
The  grower  should  examine  his  onion  plantings  from  time  to  time  in 
order  to  detect  the  early  stages  of  the  infestation.  It  is  easier  to  keep 
an  infestation  down  by  early  treatments  than  to  control  a  heavy 
infestation. 

In  the  northern  part  of  the  United  States  the  onion  maggot 
{Hylemyia  antiqva  Meig.)  often  becomes  very  destructive,  especially 
to  small  seedling  onions.  This  pest  is  a  white,  footless  maggot,  the 
larva  or  young  of  a  fly  much  resembling  the  common  house  fly,  and 
is  about  three-eighths  of  an  inch  in  len^h  when  full  grown.  The 
eggs  are  laid  by  the  fly  early  in  the  spring,  and  are  placed,  in  the 
case  of  seedling  onions,  on  the  ground  near  the  plant,  or  in  the 
sheaths  of  the  leaves  near  the  ground.  On  hatching,  the  young 
maggot  burrows  into  the  plant  and  bores  through  the  stem  ana  bulb, 
easily  killing  small  seedlings.  After  killing  one  plant  it  proceeds  to 
the  next,  thus  causing  many  skips  in  the  row.  When  larger  plants 
are  attacked,  several  larvae  may  be  found  in  the  bulb. 

A  remedy  that  has  been  used  successfully  in  some  sections  consists 
of  treating  the  soil  about  the  plants  with  a  bordeaux-oil  emulsion. 
The  emulsion  is  bast  applied  to  the  onion  rows  by  means  of  a  sprayer, 
the  material  being  directed  to  the  base  of  the  plants.  Enough  of  the 
material  should  be  applied  to  moisten  the  soil  at  the  base  of  the 
plants.  The  bordeaux-oil  emulsion  may  be  prepared  by  adding  1% 
gallons  of  oil  emulsion,  suitable  for  use  against  orchard  scale  insects, 
to  48%  gallons  of  4  4  50  bordeaux  mixture.  Apply  five  times  at 
weekly  intervals,  beginning  when  the  young  plants  are  about  an  inch 

'Cornell  University  Extension  Bulletin  206,  Diseases  and  Insects  Affecting  Vegetable 
Crops. 
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liigli.    All  effective  treatment  requires  about  IVt  «^alions  of  the  spray 
j>er  acre. 

Cutworms  are  sometimes  troublesome,  but  are  easily  controlled  by 
the  bran  mash  and  ai*senic  bait,  scattered  thinly  \vhere^  er  the  youn^ 
seedlings  have  been  found  to  be  cut  off.* 

PRESENT  STATUS  OF  THE  ONION  INDUSTRY 

Because  of  variations  in  the  cost  of  labor,  tools,  fertilizers,  seed, 
and  other  materials  and  the  many  factors  involved  in  the  production 
of  an  onion  crop  it  is  impossible  to  give  definite  cost  and  profit 
figures.  The  average  yield  of  onions  is  around  290  bushels  to  the 
acre,  but  yields  of  400  to  600  bushels  are  not  uncommon.  The  price 
of  onions  is  extremely  variable  from  one  year  with  another,  but  on  the 
whole  the  crop  has  proved  profitable  to  the  growers  when  taken  on 
an  average  for  a  period  of  years. 

In  some  sections  onions  are  grown  in  rows  d  feet  apart  and  given 
horse  cultivation,  thus  reducing  the  yield  to  about  150  bushels  on  an 
acre  and  cutting  down  production  costs  in  proportion.  This  method 
of  growing  onions  is  especially  adapted  for  use  on  low-priced  land 
and  where  hand  labor  is  scarce. 

Both  the  supply  and  demand  for  onions  are  increasing  and  at 
present  bear  about  an  equal  relation  to  each  other.  Some  veal's  the 
supply  falls  a  little  short  and  the  prices  go  somewhat  higher,  with 
the  result  that  larger  quantities  are  imported.  The  following  season 
the  plantings  are  generally  heavier,  the  market  may  be  a  little  slow, 
and  the  result  will  be  low  prices,  and  a  great  many  people  will  dis- 
continue the  growing  of  onions  or  reduce  their  acreage. 

Prices  of  onions,  especially  the  Texas-grown  Bermuda  onions,  are 
greatly  influenced  by  importations  of  Egyptian  onions  which  appear 
on  our  markets  about  the  same  time  of  the  year  that  the  Bermuda 
onions  are  being  marketed.  The  ease  with  which  both  the  Egyptian 
and  the  Spaniel  onions  can  be  delivered  to  our  eastern  markets  as 
compared  with  the  long  freight  haul  from  southwestern  Texas  or 
Pacific  Coast  States  renders  the  position  of  the  American  grower  of 
Bermuda  and  other  mild  onions  more  or  less  hazardous.  Despite 
this  condition,  however,  both  the  Bermuda  and  the  Spanish  onion 
industries  have  become  well  establislied  in  the  United  States.  The 
American  grower  of  Bermuda  onions  is  still  dependent  upon  the 
Canary  Islands  for  his  seed  supply. 

Recently  the  production  of  the  large  Sweet  Spanish  or  Valencia 
type  onion  has  become  well  established  in  a  numoer  of  the  Western 
States,  and  with  the  present  tariff  rate  in  effect  on  imported  Spanish 
and  other  onions  American  growers  are  in  position,  under  normal 
crop  conditions,  to  fully  supply  the  principal  markets  of  the  United 
States.  American  growers  of  the  Sweet  Spanish  or  Valencia  type 
onions  are  no  longer  dependent  upon  imported  seed,  as  an  adequate 
supply  is  now  being  produced  by  the  California  and  other  western 
seea  growers. 

*For  further  ioformation  write  to  the  Bureau  of  Entomology  and  Plant  Quarantine, 
U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
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T^HE  ONION,  in  one  or  more  of  its  several  forms,  has 
■^  been  in  use  throughout  all  time  of  which  we  have  authen- 
tic history.     It  is  of  Old  World  origin,  but  was  brought  to 

a 

North  America  by  the  early  discoverers  and  colonists. 
The  onion  is  grown  universally  in  home  gardens  and  is  one 
of  our  important  market-garden  and  truck  crops.  It  is 
adapted  for  growing  on  a  wide  range  of  soil  types  and  under 
varying  climatic  conditions,  but  requires  a  rich  soil  and 
plenty  of  moisture. 

Onions  are  an  intensive  crop,  their  production  involving 
considerable  hand  labor  but  yielding  a  relatively  high  return 
per  acre.  Prices  received  by  the  growers  vary  considerably 
from  one  year  to  another,  but  the  production  of  onions  in 
the  United  States  is  fairly  well  stabilized  and  adjusted  to 
market  demands. 

Recently  there  has  been  developed  in  several  of  the 
Western  States  a  specialized  industry  in  the  production  of 
the  Sweet  Spanish  onion.  The  Bermuda -onion  industry  of 
southern  Texas  and  California  has  been  expanded  and 
extended  to  several  other  sections. 

The  production  and  shipment  of  large  numbers  of  early 
seedling  onion  plants  by  southern  plant  growers  has  to  a 
certain  degree  replaced  the  use  of  onion  sets  for  planting 
in  home  gardens  and  for  a  portion  of  the  northern  early 
market  crop. 
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INTRODUCTION 

THE  ONION  is  one  of  the  important  market-garden  and  truck 
crops  in  the  United  States  and  is  very  generally  grown  in  home 
gardens.  It  thrives  best  on  alluvial  and  drained  muck  soils  under  a 
temperate  climate,  but  may  be  grown  under  a  very  wide  range  of 
soil  and  climatic  conditions.  Onions  are  grown  to  perfection  on 
the  alluvial  soils  of  the  Nile  River  Valley  in  E^ypt,  under  the  sea 
breezes  of  the  South  Sea  Islands,  on  the  delta  lands  iJong  the  sea- 
coast,  on  sandy  uplands,  in  the  arid  regions  under  irrigation,  and 
on  reclaimed  swamp  lands.  There  is  perhaps  no  extensive  area  in 
the^  United  States  or  its  possessions  where  the  onion,  in  one  or  more 
of  its  forms,  cannot  be  successfully  grown,  at  least  for  home  and 
local  use.  .  *,      !  -    »  . 

The  onion  is  of  Old  WorM  origin  and  has  been  used  as  a  food  plant 
from  the  earliest  historic  times.  It  was  an  important  article  oi  diet 
in  B^ypt  at  the  time  of  the. building  of  the  •pyramids,  and  Moses, 
in  his  account  of  the  exoduh  of  the  OhflidTeii  erf  Israel  from  Egypt, 
mentions  it  as  one  of  the  articles  of  food  for  which  the  Israelites 
longed  during  their  sojourn  in  the  wilderness. 

Onions  were  brought  to  North  America  by  the  early  discoverers 
and  became  one  of  the  common  crops  of  colonial  gardens.  Com- 
mercial onion  culture  in  its  present  form  has  developed  mainly  dur- 
ing the  last  40  or  50  years.  Formerlv  the  production  of  onions  for 
sale  was  confined  principally  to  the  New  England  States,  but  the 
industry  soon  spread  to  other  sections,  and  when  the  vast  muck  areas 
of  the  Great  Lakes  and  other  regions  were  drained  and  brought 
under  cultivation  the  onion  soon  became  one  of  the  most  important 
crops  on  these  soils. 
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At  present  the  principal  commercial  onion-growing  centers  are 
located  in  New  England,  especially  in  the  Connecticut  River  Valley, 
in  northern  New  Jersey,  southeastern  New  York,  the  entire  Great 
Lakes  region,  and  as  far  west  as  Minnesota.  The  production  of 
Creole  onions  centers  around  New  Orleans,  La.,  and  the  greater  part 
of  the  Bermuda-onion  crop  is  grown  in  southwestern  Texas  and  in 
California.  Within  the  last  few  years  the  production  of  the  Sweet 
Spanish  onion  has  developed  in  several  of  the  Western  States,  in- 
cmding  New  Mexico,  Cahfomia,  Arizona,  Utah,  Nevada,  Washing- 
ton, and  Oregon.  In  addition  there  are  many  local  areas  in  the 
United  States  where  onions  are  being  grown  in  considerable  quan- 
tities for  the  market. 

The  production  of  several  crops  closely  related  to  the  onion,  such 
as  chives,  shallot,  leek,  and  garuc,  has  been  developed  around  local 
centers,  especially  in  connection  with  market  gardening  near  the 
large  cities.  Garlic  might  be  mentioned  as  an  exception,  because  it 
is  produced  mainly  in  a  few  localities  where  soil  and  climate  are 
especially  suitable  for  its  growth. 

The  present  acreage  and  production  of  onions  in  the  United  States 
are  about  eaual  to  market  demands.  During  years  of  short  crops  and 
low  yields  there  is  a  shortage  of  onions  with  consequent  high  prices, 
but  during  years  of  heavy  crops  the  supply,  as  a  rule,  exceeds  the 
demand,  and  frequently  prices  are  too  low  for  profitable  returns  to 
the  grower. 

CLIMATIC  REQUIREMENTS 

For  best  results  a  temperate  climate  without  great  extremes  of 
heat  and  cold  should  be  selected.  Onion  culture  is  rarely  profitable 
in  regions  where  the  climate  does  not  change  or  has  no  definite 
seasons  of  heat  and  cold  or  moisture  and  drought.  The  onion  does 
best  under  rather  cool  conditions,  with  plenty  of  moisture  during 
its  early  stages,  but  requires  a  reasonable  degree  of  heat,  together 
with  dryness  of  both  soil  and  atmosphere,  for  its  proper  ripening. 
Where  the  onion  industry  has  become  established  in  the  extreme 
southern  part  of  the  United  States,  the  growing  season  is  during 
the  late  autumn  and  winter,  the  crop  maturing  during  the  spring 
and  early  summer.  If  the  crop  matures  at  a  time  when  there  is 
considerable  rainfall,  it  will  be  mipqssible  t^  cure  the  bulbs  without 
artificial  means  and  th§y  iri)l  be  Tackuig  in  keeping  quaUties. 

Certain  types  and  varieties  oi  onions,  intruding  the  top  onions 
and  the  multipliers  or  potato  onions,  are  extremely  hardy  and  may 
remain  in  the  open  ground  throughout  the  winters  of  our  Northern 
States,  especially  if  given  slight  protection.  These  types  are,  how- 
ever, not  adapted  to  growing  for  market,  except  as  green  onions, 
"peelers,"  or  *'bunchers,"  to  be  sold  during  the  early  springtime. 
In  certain  sections  of  the  South  Atlantic  coast  region*  large  areas 
of  the  top  and  multiplier  onions  are  grown  for  this  purpose.  There 
is  also  a  marked  difference  in  the  day-length  requirements  of  the 
standard  commercial  sorts,  some  being  adapted  to  growing  far 
northward,  while  others,  like  the  Bermuda  and  Creole  types,  do  best 
in  restricted  southern  localities. 

The  period  required  for  the  production  of  a  crop  of  onions  will 
depend  upon  the  season,  the  methods  employed  in  growing,  and  the 
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variety.  If  grown  from  seed,  a  period  of  from  130  to  150  days  will 
be  required.  If  from  sets,  ike  crop  often  may  be  matured  m  100 
days.  If  grown  in  the  extreme  northern  part  of  the  United  States, 
where  the  seasons  are  short,  the  crop  will  mature  more  rapidly  than 
to  the  southward.  In  the  case  of  tne  Bermuda  onion,  as  arown  in 
Texas,  the  growing  season  extends  from  October  to  the  following 
March  or  April. 

Onions  require  an  abundance  of  moisture  during  the  early  stages 
of  their  growth,  but  should  be  ripened  under  comparatively  dry  con- 
ditions. In  most  sections  the  seed  is  sown  at  a  time  of  the  year  when 
frequent  spring  rains  occiu*.  Their  period  of  greatest  growth  is  dur- 
ing the  early  part  of  the  simimier,  and  the  crop  is  ripened  late  in  the 
summer  when  drying  conditions  may  be  expected.  In  irrigated 
regions  the  application  of  water  is  almost  entirely  under  the  control 
of  the  grower.  During  the  active  period  of  growth  the  water  is 
applied  about  once  a  week,  the  soil  being  thoroughly  soaked  and 
the  surplus  water  dravm  off. 

The  amount  of  rainfall  or  irrigation  required  for  the  production  of 
a  ax>p  of  onions  will  depend  largely  upon  the  character  of  the  soil 
and  its  drainage.  Many  of  the  peat  or  muck  soils  in  which  the  soil 
water  remains  near  the  siirface  will  require  very  little  rainfall;  in 
fact,  the  best  crops  of  onions  are  produced  on  these  soils  during 
seasons  of  comparatively  light  but  evenly  distributed  rainfall.  Sandy 
and  loose  soils  generally  will  require  a  greater  amount  of  water, 
especially  during  the  early  part  of  the  season. 

SOILS  ADAPTED  TO  ONION  CULTURE 

The  essential  requirements  of  a  soU  upon  which  to  grow  onions 
profitably  are  a  high  state  of  fertility,  good  mechanical  condition  in 
order  Uiat  the  crop  may  be  easily  wonced,  sufficient  drainage,  and 
freedom  h*om  weeds,  if  a  soil  has  the  proper  mechanical  proper- 
ties— that  is,  if  it  contains  sufficient  sand  and  humus  to  be  easily 
worked,  is  retentive  of  moisture  and  fertilizers,  and  is  capable  of 
drainage — all  other  requirements  can  be  met.  At  least  three  types 
of  soil  are  bein^  extensively  planted  to  onions  in  this  coimtry,  the  one 
common  essential  being  proper  mechanical  condition. 

Clay  and  alluvial  loam  soils  aboimd  in  the  river  valley  and  delta 
r^ons  near  the  coast.  These  soils  are  generally  very  fertile,  but 
may  require  the  addition  of  humus  or  stable  manure  in  order  to 
lighten  them.  The  greatest  difficulty  encountered  in  growing  onions 
upon  land  of  tiiis  character  is  the  tendency  of  the  soil  to  nm  together 
and  bake  after  hard  rains.  This  is  especially  injurious  after  the  seexl 
has  been  sown  and  before  the  small  plants  have  attained  sufficient 
size  to  permit  of  stirring  the  soil  about  them.  Where  these  soils  con- 
tain considerable  sand  they  are  ideal  for  onion  culture.  Soils  of  this 
type  are  e^asily  injured  by  plowing  or  working  while  wet. 

Sandy  soils,  especially  where  imderlaid  by  a  well-drained  clay 
subsoil,  are  often  well  adapted  to  onions.  Soils  of  this  character 
generally  require  heavy  applications  of  fertilizers  before  they  will 
produce  a  paying  crop,  but  the  quality  of  the  product  is  excellent. 
Onions  grown  on  sandy  loams  are  generally  solid,  heavy,  and  of 
excellent  keeping  quality.     Where  sandy  soife  are  lacking  hi  humus 
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this  may  often  be  applied  by  means  of  crops  of  legumes  grown  upon 
the  land  and  plowed  under. 

Throughout  the  north-central  part  of  the  United  States  and  the 
delta  region  of  California  there  are  vast  tracts  of  peat  or  muck  soils 
that  are  being  utilized  for  the  production  of  the  commercial  onion 
crop.  Before  planting  to  onions,  however,  these  soils  must  be  cleared, 
dramed,  and  Drought  to  a  suitable  state  of  cultivation,  in  many 
cases  this  process  will  require  two  or  three  years'  time,  but  some- 
times the  soil  can  be  broken  during  the  early  winter,  allowed  to  lie 
exposed  to  the  action  of  frost,  then  worked  down  and  planted  to 
onions  the  following  spring.  The  store  of  plant  food  in  muck  soil  is 
usually  large,  but  often  it  is  not  in  available  condition,  and  heavy 
applications  of  manure  and  commercial  fertiUzers,  especially  super- 
phosphate and  potash,  are  essential  to  profitable  crops. 

CULTURAL  METHODS 

The  onion  belongs  to  that  class  of  crops  that  ^ves  best  results 
under  very  intensive  culture,  and  the  greatest  jrields  are  secured 
where  a  moderate  acreage  is  planted  and  the  work  conducted  in  a 
most  thorough  manner.  There  is  nothing  technical  about  the  grow- 
ing of  onions,  but  close  attention  and  frequent  cultivation  are  essen- 
tial. Once  the  weeds  get  a  start,  the  cost  of  production  will  be 
greatly  increased,  or  the  crop  may  be  lost  altogether. 

PREPARATION  OF  NBW  LAND 

As  a  general  rule  new  land  is  not  adapted  to  onion  growing  until  it 
has  been  worked  one  or  two  years  with  other  crops.  Onions  should 
follow  some  row  crop  that  has  been  kept  free  from  weeds  the  previous 
season.  Corn,  beans,  and  potatoes  are  suitable  crops  with  which  to 
precede  onions.  Muck  and  sandy  soils  may  in  some  cases  be  brought 
to  a  suitable  condition  for  onions  the  first  season,  but  the  fitting  will 
have  to  be  very  thoroughly  performed.  The  land  should  be  plowed 
in  the  autumn,  then  replowed  in  the  spring,  after  which  numerous 
harrowings  and  doubtless  some  hand  work  will  be  required  to  get 
the  soil  in  suitable  shape. 

If  necessary  to  manure  the  land  heavily  before  planting  to  onions, 
it  will  be  desirable  to  plant  to  some  farm  crop  one  season,  then  apply 
the  manure  during  the  autumn  in  order  to  give  it  time  to  become 
incorporated  with  the  soil.  Owing  to  the  value  of  good  onion  land 
it  would  not  be  advisable  to  devote  it  to  general  farm  crops  for  any 
extended  period,  although  com  is  frequency  planted  and  oats  or  rye 
are  sometimes  used  in  the  North.  Cowpeas  may  be  of  great  service 
in  bringing  new  land  into  shape  for  planting  to  onions. 

CROP  ROTATION 

Onions  should  not  be  planted  on  the  same  piece  of  land  year  after 
year,  but  some  system  of  crop  rotation  should  be  maintained.  Care 
should  be  taken,  however,  to  use  crops  in  a  rotation  that  will  not 
be  exhaustive  of  the  hieh  fertility  necessary  in  the  onion  land.  Dur- 
ing the  years  when  the  land  is  not  devoted  to  onions  it  can  be  planted 
to  some  truck  crop  that  will  give  a  return  that  will  justify  the  appli- 
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cation  of  lai^  Quantities  of  fertilizers,  or,  better,  to  a  leguminous 
crop  to  be  turned  under  as  green  manure.  Continuous  cropping  with 
onions  will  cause  the  land  to  become  infested  with  both  oisease  and 
insect  enemies  that  will  sooner  or  later  injure  the  crop  to  such  an 
extent  as  to  render  it  unprofitable. 


PRSPARATION  OP  THE  SOIL 


Assuming  that  the  land  intended  for  planting  to  onions  is  capable 
of  being  brought  to  a  good  mechanical  condition,  is  fertile,  well 
drained,  and  reasonably  free  from  weed  seeds,  the  first  step  in  the 
production  of  the  crop  will  be  to  plow  moderately  deep,  then  harrow, 
disk,  rollj  and  drag  imtil  the  soil  is  smooth  and  mellow  to  a  depth 
of  5  to  7  mches.  The  method  of  preparing  the  soil  wiD  depend  some- 
what upon  its  character,  the  manner  of  planting  to  be  followed,  and 
the  requirements  for  irrigation.  There  are  few  truck  or  other  crops 
tliat  require  so  careful  fitting  of  the  soil  as  do  onions,  and  it  is  essen- 
tial that  the  fertilizers  be  well  mixed  with  the  soil. 

On  soils  that  are  naturally  well  drained  and  where  surface  water 
can  not  accumulate,  the  plowing  may  be  done  in  lai^e  blocks,  but 
where  the  opposite  conditions  are  found  or  irrigation  is  practiced  it 
may  be  necessary  to  plow  the  land  in  narrow  beds.  In  the  case  of 
insufficient  drainage  it  will  be  desirable  to  throw  the  soil  into  beds, 
leaving  double  furrows  between  the  beds  to  carry  off  surplus  water. 
Where  the  flooding  system  of  irrigation  is  practiced  the  beds  must 
be  leveled  and  a  system  of  ditehes  and  ridges  provided  for  distrib- 
uting and  controlling  the  water.  Where  it  is  merely  desired  to  secure 
surface  drainage  the  beds  may  be  from  75  to  150  feet  in  width,  but 
for  irrigation  purposes  the  beds  are  generally  but  12  or  15  feet  in 
width.  If  spring  plowing  is  practiced  the  soil  should  be  harrowed 
closely  behind  the  plow  in  order  to  prevent  drying  out. 

For  cutting  and  pulverizing  the  soil  there  is  perhaps  no  tool  as 
serviceable  as  the  disk  harrow.  There  is  a  type  of  disk  having  four 
gangs,  in  two  sets,  one  combination  in  front  of  the  other  and  so 
arranged  that  the  soil  is  first  turned  to  the  center  and  then  turned 
outward  a^ain  by  means  of  the  rear  cx>mbination.  This  tool  turns 
the  soil  twice  and  leaves  it  in  a  level  condition.  For  smoothing  and 
leveling  the  soil  behind  the  plow  a  harrow  of  the  type  shown  in  fig- 
ure 1  is  very  desirable;  this  tool  not  only  levels  but  turns  and  crushes 
the  soil  at  the  same  time. 

On  land  that  has  been  plowed  during  the  autumn  and  requires 
replowing  in  the  spring,  a  device  of  the  type  shown  in  figure  2  will 
answer  and  will  do  the  work  more  rapidly  than  the  plow.  This  tool 
is  especially  adapted  to  bedding  up  land  that  has  been  previously 
plowed. 

For  imparting  the  final  smoothing  touch  to  the  soil  before  planting 
there  is  a  device  consisting  of  a  large  number  of  small  disks  set  in  a 
wooden  frame  (fig.  3),  which  does  about  the  same  work  as  a  steel  rake 
but  in  a  rapid  manner.  A  drag  or  float  made  from  several  pieces  of 
scantling  nailed  together  may  be  used  for  this  purpose,  or  if  the  soil 
is  very  loose  a  roller  should  be  run  over  it.  The  final  leveling  should 
be  performed  with  a  tool  that  will  fill  and  obliterate  all  tracks  or 
other  depressions  in  the  soil,  leaving  a  smooth,  even  seedbed  for 
either  seed  sowing  or  transplanting. 
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FBKTILIZBKS 

Afl  the  onion  is  an  intensive  crop  and  should  yield  great  quantities 
of  marketable  bulbs  for  the  area  planted,  the  grower  is  justified  in 
fertilizing  heavily.  It  would  be  difficult  indeed  to  make  the  soil  t-oo 
rich  for  onions,  provided  the  manures  are  thoroughly  incorporated 
with  the  soil.  A  heavy  application  of  fresh  raw  manure  just  before 
planting  would  have  an  mjurious  effeet,  but  where  the  manure  is 
well  rotted  and  uniformly  apphed  there  is  nothing  to  be  feared. 


There  is  perhaps  no  fertilizer  so  well  adapted  to  the  production  of 
onions  as  plenty  of  disease-free,  well-composted  stable  manure,  and 
the  quantity  and  frequency  of  application  will  depend  upon  the 
nature  of  the  land  under  cultivation.  The  Bermuda-onion  growers 
of  southwestern  Texas  apply  as  high  as  20  tons  of  sheep  and  goat 
manure  to  an  acre  every  three  years.     In  addition  to  the  manure, 


there  is  used  1,000  to  2,000  pounds  of  cottonseed  meal  or  commercial 
fertilizer,  and  sometimes  a  top-dressing  of  nitrate  of  soda.  This 
sheep  and  goat  manure,  from  animals  that  are  fed  laigely  on  cotton- 
seed meal,  is  saved  in  the  corrals  in  a  climate  where  there  is  ver>- 
little  rain,  and  contains  the  essential  fertilizing  ingredients  in  very 
high  percentages.  The  manure  is  first  piled  whore  a  httle  water  can 
be  thrown  over  it,  and  it  is  composted  for  several  months  before 
spreading  on  the  land.  The  best  results  from  this  manure  are  not 
realized  until  the  second  or  even  the  third  year  after  its  application. 
All  stable  manure  used  on  onion  land  snould  be  well  composted 
before  use  and  then  spread  upon  the  land  several  months  oefore 
planting  to  onions.  In  the  Northern  States  the  manure  may  be  ap- 
plied during  the  autumn  and  well  disked  into  the  soil.  The  land 
can  then  be  allowed  to  lie  in  the  rough  state  and  exposed  t^  the 
action  of  frost  during  the  winter,  or  it  can  be  smoothed  and  seeded 
to  rye,  in  which  case  it  will  be  necessary  to  replow  early  in  spring. 
In  the  Bermuda  district  the  manure  should  be  applied  during  the 
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spiin^  and  the  land  kept  frequently  stirred  during  the  summer,  with 
occasiootd  irrigations  in  order  to  incorporate  the  manure  and  destroy 
weeds;  the  planting  is  not  done  until  the  autumn.  Another  practice 
in  the  Bermuda  dutrict  is  to  apply  fresh  manure  broadcast  at  the 
rate  of  10  to  12  tons 
to  the  acre  during 
the  spring,  then 
plant  to  com  and 
cultivate  through 
the  eariy  summer, 
and  add  a  top-dress- 
ing of  weU-rotted 
manure  after  plow- 
tog  the  land  for 
omons  in  the  au- 
tumn. This  top- 
dressing  should  be 
well  worked  into 
the  soil  bT  means 
of  disk  narrows. 
Large  quantities  of 
fresh  manure  ap- 
plied on  onion  land 
just  before  planting 
will  have  a  tend- 
ency to  produce  an  FWV.EZ- i.,rt  pi™  u«d  (-««.!«  tod. 
overgrowth  of  tops 

at  the  expense  of  the  bulbs.     This  is  especially  true  on  irrigated  lands 
and  soils  that  are  naturally  moist. 


A  fertilizer  that  is  suited  to  the  growing  of  potatoes  will  serve 
quite  well  for  onions,  but  the  potash  should  perhaps  be  supplied  in 
tne  form  of  muriate  rather  than  of  sulphate.  A  fertilizer  adapted 
to  the  growing  of  onions  should  contain  4  to  5  percent  of  nitrogen, 
S  to  10  percent  of  phosphoric  acid,  and  8  to  10  percent  of  potash. 


nsuu  a.—DcTla  used  fo 


A  fertilizer  of  this  character  can  be  profitably  applied  at  the  rate  of 
1,000  pounds  to  the  acre  on  most  soils.  Whore  very  intensive  cultiva- 
tion is  practiced  it  may  be  profitable  to  apply  as  much  as  a  ton  to  the 
acre  in  addition  to  staole  manure. 
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Commercial  fertilizers  should  be  applied  shortly  before  sowing 
the  seed  and  should  be  uniformly  distributed  and  thoroughly  worked 
into  the  soil.  There  are  fertilizer  distributor  that  scatter  the  fer- 
tilizer broadcast,  but  where  an  amount  not  exceedinjg  1,000  pounds 
of  fertilizer  to  the  acre  is  being  used  the  work  of  distribution  may 
be  performed  by  means  of  a  common  grain  drill  having  a  fertilizer 
attachment.  On  a  small  scale  the  work  is  generally  performed  by 
hand. 

Many  growers  follow  the  practice  of  applying  only  a  part  of  the 
fertilizer  at  planting  time,  reserving  the  oalance  to  be  put  on  as  a 
top-dressing  at  some  time  during  the  period  of  cultivation.  This 
plan  is  especially  desirable  where  onions  are  grown  during  the  win- 
ter, as  the  application  of  highly  nitrogenous  fertilizers  in  tne  autim[m 
is  Uable  to  promote  a  soft  growth  that  will  be  injured  by  cold.  If 
the  fertilizer  is  not  put  on  until  cold  weather  is  over,  the  crop  may  be 
forced  without  danger  of  injury.  For  this  purpose  only  tnose  fer- 
tilizers of  a  very  available  form  will  answer.  Nitrate  of  soda  is 
frequently  used  as  a  top-dressing  during  the  height  of  the  growing 
penod. 

PLANTING 

Most  of  the  onions  grown  in  the  United  States  are  started  from 
seed.  Propagation  from  seed  is  conducted  by  three  more  or  less 
distinct  methods:  (1)  By  sowing  the  seed  in  the  rows  where  the 
crop  is  to  grow  and  mature;  (2)  by  sowing  the  seed  in  specially  pre- 
pared beds  and  transplanting  the  seedhngs  to  the  open  groimd; 
and  (3)  by  first  growing  sets  from  seed  and  then,  after  keeping  them 
through  tne  winter,  planting  them  in  the  field  to  produce  the  crop 
of  mature  bulbs.  Of  these  three  methods  the  one  nrst  mentioned  of 
seeding  in  the  rows  where  the  crop  is  to  mature  is  the  one  most  used 
on  a  very  large  scale. 

BBBDI^f6    IN    ROWS 

In  the  northern  onion-growing  districts  the  seed  is  sown  as  early 
in  the  spring  as  the  soil  can  be  brought  to  the  proper  condition. 
While  it  is  desirable  to  plant  quite  early,  it  never  pays  to  sow  the 
seed  before  the  land  is  m  the  best  possible  condition.  When  the 
soil  has  been  brought  to  a  smooth,  even  surface  and  is  fine  and  mel- 
low, the  seed  is  sown  by  means  of  a  common  seed  drill,  of  which 
there  are  several  makes  on  the  market.  The  hand  drills  which  sow 
one  row  at  a  time  are  extensively  employed,  but  many  of  the  larger 
growers  employ  a  gang  of  drills  hitched  together  and  plant  from 
five  to  seven  rows  at  once.  In  heavy  or  moist  soils  the  depUi  to 
cover  the  seed  should  not  be  more  than  one-half  to  three-fourths 
inch,  while  on  loose  and  sandy  soils  the  seed  may  be  covered  about 
an  inch. 

Where  hand  cultivation  is  practiced  throughout,  the  usual  distance 
between  rows  is  12  to  18  inches.  Where  horse  culture  is  employed  the 
distance  between  rows  varies  between  24  and  36  inches.  The  quantity 
of  seed  required  to  plant  an  acre  will  depend  both  upon  the  distance 
between  rows  and  the  purpose  for  which  the  onions  are  being  grown. 
For  the  growing  of  standard  market  onions  in  rows  14  inches  apart, 
about  4)f  pounds  of  first-class  seed  will  be  required.  With  the  rows 
3  feet  apart,  but  1%  to  IK  pounds  will  be  necessary.     Where  it  is 
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desired  to  produce  small  onions  for  pickling  purposes,  the  amount  of 
seed  niay  be  as  great  as  25  pounds  to  an  acre.  Good  seed  is  essential, 
and  if  there  is  any  doubt  regarding  the  vitality  of  the  seed  it  should 
be  tested  before  planting  by  counting  and  planting  400  or  500  seeds 
in  a  window  box  and  then  determining  the  germination  by  coimting 
the  seedling  after  10  days'  or  2  weeks'  tmie.  First-class  seed  is 
seldom  sold  at  a  low  price  and  good  seed  at  $1.50  or  even  $2.50  a 
pound  may  be  cheaper  in  the  end  than  poor  seed  at  50  cents.  Old 
and  inferior  seeds  are  not  only  low  in  percentage  of  germination  but 
lack  the  vitality  necessary  to  produce  strong,  healthy  plants.  There 
are  dealers  who  make  a  specialtjr  of  securmg  and  lumishing  extra- 

auality  onion  seed,  and  while  their  prices  are  often  somewhat  above 
ie  general  market  the  seed  furnished  by  them  is  preferable  to  ordi- 
naiy  seed. 

Experienced  growers  are  able  by  using  extreme  care  in  regulating 
the  drills  to  distribute  onion  seed  in  rows  where  the  crop  is  to  mature 
so  tiiat  little  thinning  will  be  necessary.  Thinning  is  generally  left 
until  the  time  of  the  first  hand  weeding,  when  all  thick  bunches 
along  the  rows  are  thinned  to  a  imiform  stand  of  8  or  10  plants  to  the 
foot.  It  is  always  well,  however,  to  allow  for  considerable  loss  of 
plants,  and  unless  the  plants  are  so  thick  as  to  actually  crowd,  thin- 
ning will  not  be  necessary. 

TRANSPLANTING    MBTHOD   OF   GROWING    ONION8 

The  transplanting  process  is  merely  a  modification  of  the  regular 
seeding  method.  'Hie  objects  gained  by  transplanting  are  an  earlier 
crop,  a  imiform  stand,  and  biubs  of  more  regular  size.  Practically 
the  entire  crop  of  Bermuda-  and  Creole-type  onions  grown  in  the 
United  States  is  handled  in  this  manner.  Where  a  small  area  is  to  be 
grown,  the  transplanting  process  is  the  ideal  method,  but  for  laige 
acreages  where  labor  is  difficult  to  obt^ain  this  would  not  be  practicabk. 
After  transplanting,  the  seedlings  will  require  rain  or  watering,  and 
for  this  reason  the  transplanting  process  is  practically  limited  to  areas 
where  some  form  of  irrigation  is  available. 

In  growing  onions  bv  the  transplanting  method  the  seed  is  sown 
in  gr^ihouses,  hotbeds,  coldframes,  or  specially  prepared  beds  at 
the  rate  of  2  to  3  pounds  for  each  acre  to  be  planted.  Onion  seedlings 
are  now  being  ^rown  in  great  quantities  by  southern  plant  growers 
and  are  shipped  to  northern  onion  growers.  When  the  seedhngs  are 
grown  under  cover^  they  are  given  the  necessaiy  attention  r^arding 
watering  and  ventilation  and  kept  growing  qmte  rapidly  until  near 
the  time  for  setting  them  in  the  open  ground.  As  planting  time 
approaches,  the  seecmngs  are  ''hardened''  or  prepared  for  transplanting 
by  increased  ventilation  and  exposure  and  by  withholding  water. 
When  ready  to  transplant,  the  seedlings  should  be  somewhat  smaller 
than  a  lead  pencil  and  rather  stockv.  The  plants  are  lifted  from  the 
seedbed  and  the  roots  and  tops  both  trimmed  somewhat,  as  shown  in 
figure  4.  They  are  then  packed  neatly  in  shallow  boxes  for  removal 
to  the  field  where  they  are  to  be  planted. 

Various  methods  are  employed  for  handling  the  plants  in  setting. 
As  a  rule,  a  line  is  used  and  the  land  marked  to  indicate  the  location 
of  rows.    Several  methods  are  employed  for  marking  the  distance 
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between  plants  in  the  rows.  A  marking  device  much  used  by  the 
Bermuda-onion  growers  in  Texas  consists  of  a  sectional  roller  with 
the  sections  the  same  distance  apart  as  the  distance  between  the 
rows  and  each  section  provided  with  conical  pins  to  form  the  holes  in 
which  the  plants  are  set.  The  objection  to  the  sectional  roller-marker 
is  that  it  cannot  easily  be  drawn  in  a  straight  line  and  straight  rows 
are  essential  to  good  cultivation. 

After  marking  the  land,   the  plants  are  dropped  ahead  of  the 
planters,  or  they  may  be  kept  in  the  trays  and  simply  removed  as 

planted.  The  trans- 
planting process  con- 
sists mainly  in  pushing 
the  root  end  of  the 
seedling  into  the  soil 
with  one  finger  and 
then  firming  the  soil 
about  the  plant.  This 
work  is  very  laborious 
and  can  only  be  per- 
formed economically 
by  veiT  cheap  labor. 
A  smell  plow,  such  as 
is  generally  included 
nith  the  attachments 
of  the  wheel  hoe  (fig. 
5),  is  often  employed 
for  opening  a  furrow 
in  which  to  set  the 
small  onion  plants.  As 
the  plants  are  set  the 
soil  is  either  drawn 
about  them  by  hand, or 
the  plow  may  again  be 
used  for  this  purpose. 
In  the  Bermuda-onion 
district    the    work    of 

FiavRs  4. -Seedling  onioD  plants  trimmed  ready  tor  trsnsplujtin^.         transplanting     is     as     a 

rule  done  by  contract. 
In  transplanting,  all  inferior  plants  should  be  rejected,  thus  insuring 
a  more  nearly  perfect  stand  and  development. 


The  use  of  sets  is  still  another  modification  of  the  regular  seed- 
ling method,  in  which  the  seed  is  planted  one  year  to  form  the  sets 
from  which  to  grow  a  crop  of  mature  onions  the  following  year. 
Like  the  transplanting  process  the  use  of  sets  is  limited  in  its  appli- 
cation. Onions  grown  from  sets  will  ripen  earlier  than  those  from 
seed  sown  in  the  field  and  often  make  a  good  crop  of  bulbs  when  the 
crop  grown  from  seed  will  not.  In  planting  onion  sets  a  furrow  about 
2  inches  deep  is  opened,  the  sets  being  dropped  about  3  inches  apart  and 
firmly  covered.  The  quantity  of  sets  required  to  plant  an  acre  will 
depend  upon  their  inaividuaf  size  aitd  planting  distances,  but  it  is 
generally  oetween  1 5  and  22  bushels. 
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CULTIVATION 


The  cultural  requirements  of  the  onion  are  frequent  shallow  stirring 
of  the  soil  and  freedom  from  weeds.  The  feeding  roots  of  the  onion 
run  close  to  the  surface  of  the  soil  and  should  not  be  disturbed  by 
deep  cultivation.  Sometimes  a  heavy  rain  immediately  after  seeding 
will  so  pack  the  surface  that  the  seedlings  cannot  break  through. 
Under  such  circumstances  it  will  be  necessary  to  slightly  break  the 
surface  by  means  of  a  steel  rake  or  a  rakelike  attachinent  on  a  cul- 
tivator. As  soon  as  the  plants  are  up  and  the  rows  can  be  followed 
the  cultivator  should  be  started  to  loosen  the  soil,  which  is  always 
more  or  less  compacted  during  seeding. 


HAND   CUI/TIVATION 


Where  the  rows  are  14  inches  or  less  apart,  the  work  of  carine  for 
the  crop  is  usuaJly  done  by  hand.  For  this  purpose  the  wheel-hoe 
tools  of  various 
types  are  essential. 
These  implements 
are  provided  with 
several  kinds  of 
hoes,  cutters,  and 
sweeps  desired  to 
work  the  sod  away 
from  the  plants,  to 
shave  the  surface 
and  destroy  weeds, 
and  to  stir  the  soil 
and  work  it  back 
around  the  plants. 
Onions  grown  on 
muck  and  alluvial 
soils  will  require 
from  8  to  14  workings 
with  the  wheel-hoe  implements;  on  sandy  soils  it  will  not  be  necessary 
to  cultivate  so  freauently. 

Several  types  ot  wheel  hoe  are  in  use,  but  those  having  a  single 
wheel  and  passing  between  the  rows  are  most  desirable.  Those  of 
the  type  shown  in  figure  5  are  good.  Many  growers  have  designed 
special  implements  to  suit  the  requirements  of  their  soils;  two  of 
these  are  shown  in  figure  6,  the  one  designed  to  cut  the  soil  away  from 
the  row  and  the  other  to  stir  and  work  the  soil  back  to  the  row. 
Some  of  the  growers  in  the  onion  fields  near  Chicago  have  adopted 
a  hoe  stock  consisting  of  a  pair  of  light  plow  handles,  an  iron  stock, 
and  the  front  wheel  of  a  bicycle.  To  the  stock  of  this  device  may 
be  attached  almost  any  form  of  sweep  or  cutter,  and  the  implement 
is  exceptionally  easy  to  propel.  The  wide  distance  between  the 
handles  places  the  implement  well  under  the  control  of  the  operator. 
Figure  7  gives  an  idea  of  the  general  appearance  of  this  implement. 


FiQURB  5.~  Wheel  boo  adapted  to  working  onions. 


HORSE    CULTIVATION 


In  sections  where  onions  are  grown  on  a  soil  that  is  not  well  adapted 
to  hand  culture  the  rows  are  placed  30  to  36  inches  apart  and  the 
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cultivation  is  performed  by  means  of  horse-drawn  and  tractor  tools. 
This  is  particularly  true  where  onions  are  grown  on  the  black  waxy 
soils  of  Texas  and  other  soils  of  the  prairie  type.     As  with  hand 


FianBE  B.— Special  whe«1  boes  Tar  cultivBtlng  onloos. 

culture,  fret^uent  shallow  stirring  of  the  soil  is  essential,  the  work 

Generally  bemg  performed  with  one  of  the  harrow-tooth  cultivators. 
'liose  of  the  type  shown  in  figure  8  are  well  adapted  to  this  work. 

An  implement 
known  as  a  weeder 
can  be  used  for 
breaking  the  sur- 
face before  the 
seedlings  appear; 
also  for  general 
cultivation  by  re- 
moving a  tooth  at 
the  point  where  the 
rows  are  located. 


Itiswell-nigh  im- 
possible to  produce 
a   crop   of   onions 
without  some  hand 
FiouHi T.-High-wheei ijne oi hm.   (patanwd.)  Weeding.     During 

favorable  seasons 
the  strictly  handwork  may  be  reduced  to  but  one  or  two  weedings, 
but  a  greater  number  will  be  necessary  during  rainy  seasons.  Each 
hand  weeding  will  cost  from  Sd  to  $12  an  acre,  according  to  wages 
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paid  and  the  nuinber  of  weeds  present.  The  work  of  hand 
weeding  may  be  facilitated  by  the  use  of  some  of  the  small  hand 
tools  designed 
for  the  purpose. 
Among  these  tools 
might  be  men- 
tioned the  onion 
hoe  (fig.  9),  the 
hand  weeder 
(fig.  10),  and  the 
thmnin^  or  weed- 
ing hook  (fig.  11). 
Girls  and  bMoys  of 
advanced  school 
age  are  frequently 
employed   to  do  the 


summer  vacation  period. 


FiGURK 8-  Small-tooth  bone cultlyator. 

hand    weeding,    especially    during    the    early 


IRRIGATION 


Outside  of  the  areas  where  irrigation  methods  are  depended  upon 
for  the  production  of  general  crops  it  is  not  customary  to  use  arti- 
ficial watering  in  the  growing  of  onions.  In  a  few  cases  the  land  has 
been  equipped  with  overhead  sprinkling 
^^tems  which  are  employed  to  moisten 
the  soil  after  the  seed  is  planted  and  also 
during  extremely  dry  weather.  On  peat 
and  muck  soils  the  yoimg  seedlings  are 
frequently  lost  by  the  dry  muck  blowing 
wi^  the  high  winds  of  earlv  spring.  In 
this  way  a  part  of  the  field  may  have 
the  soil  blown  off  to  such  an  extent  that 
the  plants  will  be  left  without  soil  about 
them,  while  other  portions  of  the  field  will 
be  covered  by  1  or  2  inches  of  loose  muck. 
The  use  of  a  small  quantity  of  water 
sprayed  over  the  field  will  sometimes  pre- 
vent this  shifting  of  the  soil  during  a 
windstorm  but  wm  not  prevent  the  accu- 
mulation of  muck  blown  on  to  the  plants 
from  adjacent  nonirrigated  areas.  Sandy 
soils  are  also  subject  to  the  action  of 
winds  to  a  greater  or  less  extent,  and 
losses  may  be  prevented  by  the  timely  ap- 
plication of  water  over  the  surface.  In 
tion  is  employed  in  the  growing  of  onions. 

Throughout  the  Southwest  surface  irrigation  is  almost  universally 
employed.  The  Bermuda  onions  in  Texas  are  planted  mostly  in  com- 
paratively level  beds  with  dividing  ridges  and  are  flooded  once  each 
week  or  10  days  during  the  growing  period.  About  a  week  before  the 
plants  are  set  the  soil  is  flooded  and  then  worked  over  with  disk  and 


FiouKi  9.— Onion  boe. 


FiouBK  10.— Hand  weeder. 


PioiniE  ]].— Thinning  or  weed- 
ing hook. 

a  few  instances  subirriga- 
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smoothing  harrows  just  ahead  of  the  planters.  Withm  a  day  or  two 
after  planting  the  land  is  again  flooded  and  the  surface  water  drawn 
off;  this  process  is  repeated,  with  alternate  cultivations,  as  often  as 
required.  Toward  the  end  of  the  growing  season  the  water  is  withheld 
to  allow  the  bulbs  to  ripen.  As  a  rule  about  10  waterings  in  all  are 
required,  at  a  cost  of  about  $2.50  an  acre  for  each  watering,  or  $25  per 
acre  altogether.  Figures  12  and  13  give  a  good  idea  of  the  methods  of 
applying  the  water. 

In  the  principal  Bermuda-onion  growing  districts  the  water  for  irri- 
gation purposes  is  obtained  only  after  the  expenditure  of  thousands  of 
dollars  for  pipe  lines  and  pumping  macliinery.  The  cost  of  watering 
as  given  above  does  not  include  any  share  oi  the  original  coat  for  in- 
stallation or  water  charges,  but  covers  only  the  labor.    In  the  upper 


FiGtiKK  12.— IrrlgatioD  dIUbes  In  Bermoda-aDlou  Held  In  Texas. 

8ttn  Joaquin  and  Coachclln  Valleys  of  California  the  Bermuda  and 
Sweet  Spanish  onions  are  grown  on  raised  beds  usually  holding  two 
rows  of  onions  and  with  water  furrows  between  the  beds. 

HARVESTING  AND  CURING 

In  the  northern  onion  districts  the  crop  ripens  and  is  har\-ested 
during  the  latter  part  of  the  summer  and  early  autumn.  As  a  rule 
the  work  of  harvesting  onions  begins  late  in  July  and  is  practically 
completed  and  the  crop  housed  before  October.  In  the  Southern 
States,  where  the  crop  is  grown  during  the  winter,  the  harvesting 
and  marketing  period  is  during  the  spring  and  is  practically  ended 
before  the  northern  product  comes  upon  the  market. 

In  the  North  the  bulbs  are  allowed  to  become  as  ripe  as  possible 
before  they  are  removed  from  the  soil.     Growers  prefer  that  the  tops 
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ripen  doMii  and  shrivel  and  that  the  outer  skin  of  the  bulbs  be  dry 
before  they  are  pulled.  Future  14  shows  a  field  of  onions  in  prime 
condition  for  gathering.  To  the  southward,  where  the  onions  are 
not  cured  so  thoroughly,  they  are  often  pulled  about  the  time  that 
the  tops  b^n  to  break  and  fall.  The  ripenine  process  often  may 
be  hastened  by  rolhng  a  very  light  roller  or  a  oarrel  over  the  tops 
to  break  them  dowa.  This  process  is  frequently  spoken  of  as 
"barreling." 

^"here  the  bulbs  are  practically  upon  the  surface  they  may  be 
pulled  by  hand  and  thrown  in  windrows  consisting  of  8  or  10  onion 
rows.  If  the  onion  bulbs  are  considerably  covered  with  soil  it  will 
be  necessary  to  employ  a  l-horse  plow  or  a  cultivator  with  a  sweep 
attached  for  lifting  them.     In  nny  case  it  will  be  necessary  to  gather 
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them  from  the  soil  by  hand.  After  lyin^  in  the  windrows  for  sev- 
eral days  and  being  stirred  occasionally  with  wooden  rakes,  the  tops 
are  removed  by  cutting  jnth.ordipary  sheep  shears.  In  cases  where 
very  bright  color  is  Itrtpoctlirtt;  b»  i\'ltVi"'finey ,  WTiite  Globe  onions, 
and  this  would  be  injiir'ed'by  Wcj^sure  to* die  sun  and  rain,  the  bulbs 
are  cured  in  long,  naKrow,  low  iTckeiaMjied  bv  placing  several  rows  of 
onions  Iwd  with  the-,b^lbs  to*  the  c,eilter;ijh{l;the  tops  to  the  outside 
to  protect  the  bulbs.  "As  the  topS lart  removed +he  bulbs  are  generally 
placed  in  crates  for  drying.  Onion-topping  machines  frequently  are 
employed,  the  bulbs  being  hauled  from  the  field  to  a  central  location 
ana  run  through  the  topper.  These  machines  remove  the  tops,  grade 
the  bulbs,  and  deliver  tnem  into  the  crates  or  bags.  If  crates  are  not 
emploj;ed  for  curing,  the  bulbs  are  allowed  to  lie  in  the  windrows  for 
some  time,  and  are  then  either  put  into  sacks  or  hauled  to  slat  cribs, 
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where  the  curing  process  ia  completed.  Too  long  exposure  to  hot 
sunshine  will  injure  the  bulbs.  Figure  15  shows  a  field  of  onions 
drying  in  wiiulrows,  with  crat«s  ready  for  their  removal  from  the 
field. 


After  gathering  into  crates,  the  crates  are  either  stacked  in  the 
field,  hauled  to  a  central  stacking  yard  where  they  are  covered  with 
boards  or  canvas,  or  hauled  to  open  sheds  and  there  piled  one  upon 
the  other  with  numerous  ah  spaces  until  the  onions  are  thoroughly 
cured. 


TiODBi  19.— OdIods  drybg  In  windrows,  abooiing  ttatet  ined  for  curing  ud  itorlng. 

Where  the  bulbs  are  extremely  dry  at  the  time  of  their  removal 
from  the  soil,  they  may  be  allowed  to  lie  in  the  windrows  for  a  fen- 
days  only,  and  then  sorted  and  cleaned  in  the  field  ready  for  packing 
"ud  marketing.     Where  onions  are  put  into   sacks   and    afterward 
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allowed  to  remain  in  the  field,  the  sacks  should  be  supported  on  poles 
laid  on  the  ground,  as  shown  in  figure  16.  In  the  irrigated  districts 
of  the  West,  where  the  soil  can  be  kept  dry,  this  precaution  is  not 
necessary. 

In  the  Bermuda-onion  districts,  where  only  a  short  curing  process 
is  given  to  the  crop,  it  is  the  practice  to  pack  and  load  into  the 
cars  as  soon  as  possible  after  pulling  and  topping.     \Vlien  the  ship- 

fiiiig  b  at  its  he^ht,  it  is  not  uncommon  for  onions  that  are  piilled 
rom  the  soil  in  the  morning  to  be  in  the  cars  and  on  their  way  to 
market  by  evening;  however,  a  portion  of  the  crop  is  given  a  more 
thorough  curing  process,  and  the  entire  crop  would  be  benefited  by 
at  least  two  days  of  curing  before  shipment. 


—Method  of  curing  oolons  In  sa 


To  keep  well  when  stored,  onions  must  be  well  ripened  and 
thoroughly  cured.  "Thick  necks"  or  those  that  are  immature,  or 
soft,  should  never  be  placed  in  storage  but  should  be  sold  as  soon  as 
gathered  for  whatever  price  they  will  bring.  Good  storage  onions 
will  rattle  almost  like  blocks  of  wood  when  poured  from  one  crate  to 
another.  In  order  that  the  bulbs  may  remaui  bright  and  of  attractive 
appearance  they  should  not  be  allowed  to  lie  exposed  to  the  weather, 
but  should  be  hauled  and  stored  in  open  sheds  just  as  soon  as  they 
may  safelv  be  placed  in  1-bushel  crates. 

After  tne  bulbs  have  remained  in  drying  sheds  or  cribs  for  4  or 
5  weeks  they  will  be  ready  for  screening  and  removal  to  the  store- 
house. In  handling  onions  it  is  the  rule  to  pass  them  over  a  screen 
each  time  they  are  moved,  as  in  this  way  the  loose  skins  are  removed 
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and  any  soft  or  decaying  bulbs  may  be  sorted  out.  When  bags  are 
used  for  drying  in  the  Held,  the  onions  are  screened,  and  the  bags 
refilied  for  hauhng  to  the  storage  house. 

The  essentials  for  the  successful  storage  of  onions  are  suitable  con- 
tainers, plenty  of  ventilation,  a  comparatively  low  temperature,  diy- 
ness,  and  safety  from  actual  freezing.  Any  building  wherein  the 
above  conditions  may  be  secured  will  answer,  but  houses  of  the  type 
shown  in  figure  17,  which  are  built  especially  for  the  purpose,  are 
most  satisfactory. 

The  construction  of  the  storage  house  should  be  double  throughout, 
with  plenty  of  felt  or  paper  lining.  Both  top  and  bottom  ventilation 
should  be  provided,  ana  the  ventilator  openings  should  have  doors 
that  may  be  closed  to  control  the  temperature.    The  floors  are  con- 


structed of  narrow  planks  with  half-inch  spaces  between  the  planks 
for  the  passage  of  air.  Bottom  ventilation  is  frequently  secured  by 
means  of  dram  pipes  built  mto  the  foundation  at  the  surface  of  the 
ground.  These  pipes  are  carried  some  distance  toward  the  center 
of  the  house  and  dischnrge  the  cool  air  at  a  point  where  it  is  most 
needed. 

The  temperature  of  the  storage  house  should  be  carried  as  low 
as  possible  without  actual  freezing.  During  exti"emely  cold  weather 
the  ventilator  openings  and  doors  should  be  kept  closed  to  keep  out 
cold  air,  and  after  the  onions  have  become  thoroi^hly  chilled  the 
house  should  be  kept  closed  in  order  to  hold  the  temperature  down 
and  prevent  the  entrance  of  moisture  during  warm  or  rainy  periods. 
Damp,  f<^gy  weather  is  injurious  to  onions,  especially  if  it  follows 
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a  i>eriod  of  cold  and  will  cause  the  bulbs  to  become  covered  with 
moisture  if  the  outside  air  is  admitted.  A  little  artificial  heat  from 
a  stove  or  radiator  may  be  required  during  excessively  cold  weather, 
but  so  long  as  the  temperature  in  the  house  does  not  fall  below  32°  F. 
there  will  be  no  danger  of  injury.  A  temperature  of  36°  to  38°  will 
give  good  results. 

The  best  method  of  storing  onions  is  in  standard-size  slat  crates 
20  inches  long,  16  inches  wide,  and  14  inches  deep,  outside  measure- 
ments. The  material  for  the  sides  and  bottom  is  aoout  three-eighths 
inch  thick  and  2H  inches  wide,  four  pieces  being  used  to  form  a  side. 
The  comers  are  reinforced  on  the  inside  by  means  of  3-comered 
pieces  of  oak,  to  which  the  slats  are  nailed.     These  dimensions  prt>- 


FiODU  IB.— Inside  of  Jtorsje  bouse,  showing  melbod  of  ilarking  ctaws. 

ride  crates  that  are  interchai^eable,  the  width  of  five  being  equal  to 
the  length  of  four.  The  crates  will  also  nest  together  when  empty, 
with  one  inside  of  two  turned  together.  The  full  crates  are  stacked  m 
the  storehouse  with  1  by  3  inch  strips  between  them  to  allow  for  the 
circulation  of  air,  as  shown  in  figure  18. 

Onions  are  sometimes  stored  in  slat  bins  holding  100  to  300  bushels 
each.  Bags  are  also  used  to  some  extent,  but  neither  bags  nor  bins 
are  as  satisfactory  as  the  crates,  on  account  of  the  difficulty  in  pro- 
viding the  necessary  ventilation  and  change  of  air  through  the  onions. 
Bulbs  stored  in  b^s  or  bins  must  be  more  thoroughly  cured  than  those 
stored  in  crates.  There  are  single  large  storehouses  in  use  that  will 
accommodate  50,000  to  60,000  bushels  of  onions  when  stored  in  crates. 
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MARKETING  > 

Large  quantities  of  onions  are  sold  and  shipped  direct  from  the 
fields  where  they  are  grown.  A  part  of  the  crop  is  held  in  tempo- 
rary storage  until  late  autumn  or  early  winter.  During  recent  years 
the  winter  storage  of  onions  has  become  of  ^reat  importance,  and  the 
finest  stock  is  held  for  late-winter  deliveries.  The  Bermuda  crop 
from  the  southwestern  part  of  the  country  comes  on  the  market 
during  April  and  May,  so  that  most  of  the  storage  onions  are  disposed 
of  before  that  time. 

In  marketing  onions  the  first  essential  is  to  properly  grade  and 
clean  the  bulbs,  in  order  that  they  may  present  an  attractive  appear- 
ance when  offered  for  sale.  Ordinarily  the  bulbs  are  separated  into 
three  grades — primes,  seconds,  and  picklers.  The  primes  include  all 
of  those  IK  inches  in  diameter  and  larger,  and  the  seconds  consist  of 
those  from  three-quarters  of  an  inch  to  IM  inches  in  diameter,  while 
all  those  that  will  pass  through  a  %-inch  screen  are  sold  for  pickling 
purposes.  The  grading  is  generally  done  in  the  field  durmg  the 
cleaning  process,  but  as  onions  shrink  considerably  while  in  storage 
it  is  necessary  to  regrade  before  placing  upon  the  market.  For 
cleaning  the  pickling  onions  an  ordinary  fanning  mill  is  employed, 
special  screens  being  provided  for  the  purpose. 

Onions  are  placed  upon  the  market  in  1 -bushel  crates,  bags,  1 -bushel 
hampers  and  baskets,  and  occasionally  in  bulk.  The  open-mesh 
bags,  made  in  different  sizes  and  colors,  are  undoubtedly  the  most 
attractive  package  in  use  for  marketing  onions.  These  bags  hold  from 
12  to  100  pounds.  Onions  are  sometimes  shipped  loose  in  cars  and 
shoveled  into  barrels  or  bags  at  their  destination. 

The  legal  weight  of  dry  onions  is  generally  considered  56  pounds 
to  the  standard  bushel,  although  this  varies  somewhat  in  different 
States. 

COMMERCIAL  VARIETIES 

For  trade  purposes  onions  are  divided  into  two  large  classes- 


''strong"  onions  and  ''mild''  onions.  Each  of  these  classes  may  again 
be  divided  into  four  color  classes — white,  yellow,  brown,  and  red^ — and 
each  of  these  color  classes  into  those  which  will  produce  bulbs  when 
the  days  are  short  (12  hours  or  shorter)  and  those  which  require  long 
days  (13  hours  or  longer)  for  bulb  formation. 

The  short-day  varieties  are  the  ones  adapted  to  the  South  or  other 
regions  of  the  country  where  thev  may  be  grown  through  the  winter, 
and  since  they  form  bulbs  when  the  days  are  relatively  short,  they  ma- 
ture before  the  long-day  varieties.  The  most  important  mild-fleished, 
short-day  varieties  are  Yellow  Bermuda  (pale  yellow).  Crystal  Wax 
(white),  and  Early  Grano  (pale  yellow).  Red  Creole  and  White 
Creole  are  the  common  "strong"  short-day  varieties  and,  unlike  Yel- 
low Bermudas  and  Crystal  Wax,  are  excellent  storage  varieties.  None 
of  these  varieties  are  recommended  for  culture  in  the  North,  where 
seed  is  sown  in  the  field  in  the  spring,  as  they  mature  so  quickly  that 
the  bulbs  are  usually  very  small. 

Sweet  Spanish,  or  Valencia,  is  the  mildest  flavored  of  long-day 
varieties,  a  fair  storage  onion  of  large  size,  yellow  skin,  and  late 
maturity,  and  somewhat  resistant  to  thrips. 

■  For  detailed  information  on  the  marketing  of  onions,  see  U.  S.  Department  <A  Agrioultore  Teehnleal 
Bulletin  No.  5M,  Marketing  Onions. 
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In  the  Mountain  States  of  the  West  the  Sweet  Spanish  is  by  far  the 
most  important  variety  of  onion  grown.  This  variety  seems  to  be 
especially  well  adapted  to  the  high  plateau  region  of  the  West;  Idaho, 
Utah,  and  Colorado  being  the  most  important  producing  States. 

The  increase  in  acreage  of  the  Sweet  Spanish  type  of  onion  is  the 
most  significant  change  that  has  occurred  m  the  onion  industry  of  the 
United  States  during  the  last  20  years.  Its  mildness  and  abiUty  to 
produce  high  yields  no  doubt  help  to  explain  its  great  popularity. 

Seeding  is  usually  done  directly  in  the  field.  In  the  West,  seed  is 
usually  sown  on  raised  beds  to  faciUtate  irrigation.  Seeding  is  done 
as  a  rule  as  soon  as  the  ground  can  be  worked  in  the  early  spring  at 
the  rate  of  3  to  3)i  pounds  of  seed  to  the  acre. 

Considerable  improvement  work  has  been  done  on  the  Sweet 
Spanish  type  during  recent  years  by  various  seedsmen  and  agricultural 
experiment  stations,  and  strains  are  now  available  that  keep  fairly 
well  in  storffcge.  In  certain  districts  this  type  of  onion  is  stored  at  a 
higher  temperature  (45°-50°  F.)  than  has  oeen  the  custom  for  the 
ordinary  storage  types,  as  the  bulbs  can  be  kept  somewhat  drier. 

The  strong,  long-day  varieties  are  mainly  grown  in  the  major  main- 
crop  or  storage-crop  sections  of  the  northern  part  of  the  United 
States.  These  varieties  diflfer  in  season  of  maturity,  shape,  and  color 
as  follows:  Earlv  Yellow  Globe  (early,  round),  Ebenezer  or  Japanese 
(early,  flattened,  yellow),  Yellow  Globe  Danvers  and  Ohio  or  Michi- 
gan Yellow  Globe  (midseason,  round),  Stockton  Yellow  Globe  (Cali- 
fornia midseason,  round),  Southport  Yellow  Globe  (late,  round 
oval).  Red  Wethersfield  (midseason,  flat  round),  Southport  Red 
Globe  Gate,  round,  oval),  White  Portugal  (midseason,  flat  round), 
Southport  White  Globe  (late,  round  oval),  and  Australian  Brown 
(late,  round,  small). 

In  the  selection  of  varieties  for  any  particular  localitv  the  soil 
and  climatic  conditions  and  market  requirements  should  both  be 
considered.  Those  adapted  to  the  muck  soils  are  the  yellow  and  red 
sorts.  For  alluvial  and  prairie  soils  the  red  and  brown  varieties  are 
to  be  preferred  while  all  kinds  do  well  on  the  sandy  loams  and  light 
soils.  A  cleaner,  better  grade  of  white  onions  can  generally  be  pro- 
duced on  light  or  sandy  soils  than  on  muck  or  clay  loams.  Those  of 
the  Bermuda,  Spanish,  and  Egyptian  types  flourish  on  the  deep,  rich 
alluvial  soils  of  the  river  bottoms  and  delta  regions. 

Certain  of  our  markets  show  a  decided  preference  for  onions  be- 
longing to  a  particular  type.  The  red  and  brown  varieties  find 
ready  sale  on  the  markets  of  the  Middle  West,  while  onions  of  the 
yellow  and  white  varieties  are  preferred  in  the  eastern  cities.  Onions 
will  withstand  long-distance  shipment,  those  of  the  mild  type  being 
generally  more  subject  to  injury  than  the  strong  sorts.  Some  of  the 
white  varieties  also  have  a  thin  skin  and  are  easily  injured.  It 
should  be  the  aim  of  every  grower  to  employ  varieties  that  will 
withstand  handling  and  at  the  same  time  find  ready  sale  on  the 
market. 

The  top  or  tree  onion,  which  reproduces  by  means  of  small  bulb- 
lets  formed  on  the  top  of  the  seedstalk,  is  extensively  used  in  the 
production  of  early-spring  bunching  onions. 

The  multipUer  or  potato  onion  reproduces  by  a  division  of  the  bulbs. 
In  growing  tnis  variety  it  is  necessaiy  to  plant  large  bulbs  to  produce 
sets  for  the  next  year's  planting  and  small  bulbs  or  sets  for  the  crop 
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of  large  onions.     The  bulbs  of  this  variety  may  remain  in  the  soil  year 
after  year  and  are  desirable  for  use  early  in  spring. 

PRODUCTION  OF  BERMUDA  ONIONS 

Bermuda  onions  are  now  an  important  commercial  crop  in  Texas 
and  California,  with  small  plantings  in  a  number  of  the  Southern 
States.  The  Bermuda  onion  fields  of  Texas  are  located  around 
Laredo  and  other  points  in  or  near  the  Rio  Grande  Valley.  In  Cali- 
fornia they  are  grown  chiefly  in  the  Coachella  and  upper  San  Joaquin 
Valleys. 

SOILS  AND  CUIIATB  ADAPTED  TO  THB  BBRliUDA  ONION 

Soils  of  a  silty  or  alluyial  nature  are  suited  to  the  production  of 
Bermuda  onions,  and  those  containing  considerable  sand  are  most 
desirable.  As  already  noted  in  referring  to  fertilizers  for  onions,  the 
Bermuda  requires  a  very  rich  soil  for  tne  best  results,  and  this  can 
only  be  obtained  by  first  selecting  a  good  soil  and  then  fertilizing 
heavily.  The  Bermuda  onion  as  grown  in  this  country  is  a  winter 
crop;  therefore,  mild  climatic  conditions  are  required.  While  the 
plants  would  withstand  considerable  freezing,  their  growth  b  seri- 
ously checked  by  cold  weather,  and  the  crop  will  not  mature  in  time 
for  the  early  market  if  grown  to  the  northward. 

CULTURAL  METHODS 

The  cultural  methods  employed  in  the  growing  of  Bermuda  onions 
are  essentially  the  same  as  those  for  ordinary  onions.  As  the  greater 
portion  of  the  crop  is  grown  in  a  region  which  has  no  regular  rainfall, 
irrigation  methods  are  employed  almost  universally.  The  greater 
part  of  the  crop  is  grown  by  the  transplanting  process  and  a  great 
amount  of  hand  labor  is  required.  The  seeds  are  sown  in  specifdly 
prepared  outdoor  beds  from  the  middle  of  September  to  the  middle 
of  October,  and  the  seedlings  are  transplanted  to  the  field  November 
20  to  January  10,  or  even  later.  About  2  pounds  of  seed  are  reauired 
for  each  acre  to  be  planted;  this  will  allow  for  discarding  all  the 
weaker  plants.  The  plants  are  allowed  to  remain  in  the  seedbed  until 
they  are  from  three-sixteenths  to  one-fourth  inch  in  diameter  before 
they  are  transplanted.  As  the  seedlings  are  lifted  the  greater  por- 
tion of  both  the  small  roots  and  the  tops  is  trimmed  off  in  order  that 
they  may  be  transplanted  more  readily.     (Fig.  4.) 

HARVESTING  AND  MARKBTING 

Bermuda  onions  are  harvested  as  early  as  possible,  generallv  before 
the  tops  have  become  fully  ripened.  For  removing  the  bulbs  from 
the  ground  a  1 -horse  plow,  a  potato  digger,  or  a  cultivator  with  a 
cutter  wing  attached  is  employed.  The  bulbs  are  then  separated 
from  the  soil  by  hand,  the  tops  cut  off  with  shears,  and  the  onions 
thrown  in  windrows  or  crates  to  diy  in  practicallv  the  same  manner 
as  for  the  r^ilar-crop  onions  in  the  North.  After  the  bulbs  have 
become  thoroughly  dry  on  the  surface  they  are  either  placed  directly 
in  the  crates  or  open-mesh  bags  for  shipment  or  are  carried  to  a  packing 
shed  to  be  graded  and  packed  for  market. 

During  the  early  days  of  the  Bermuda-onion  industry  the  crop 
WHS  shipped  largely  in  bags,  but  it  was  soon  found  that  the  bulbs 
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were  too  perishable  for  this  method  of  handling.  At  present  the 
greater  portion  of  the  crop  is  sent  to  market  in  folding  slat  crates 
that  are  about  20  inches  lon^,  12  inches  wide,  and  12  inches  hifi^h. 

These  crates  hold  approximately  50  pounds  of  onions  a^  weigh 
56  or  57  pounds  when  nlled.  The  cost  of  these  crates  is  about  $20 
a  hundred,  but  they  add  enough  to  the  attractiveness  and  carrying 
qualities  of  the  onions  to  make  their  use  profitable. 

YIBLD  OF  BSRICUDA  ONIONS  AND  PRICBS  OBTAINBD 

Phenomenal  yields  of  34,000  and  35,000  pounds  of  Bermuda  onions 
are  frequently  made  on  an  acre  of  land,  out  this  is  far  above  the 
general  average,  which  is  in  the  neighboiiiood  of  10,000  or  12,000 
pounds  to  the  acre.  Many  fields,  especially  when  planted  for  the 
first  time,  do  not  yield  as  much  as  10,000  pounds  to  the  acre.  On 
land  that  has  been  heavily  manured  and  planted  to  onions  for  several 
years  the  yield  averages  about  16,000  pounds. 

The  best  Bermuda-onion  farms  are  valued  at  $300  to  $500  an  acre. 
In  order  to  prove  profitable,  the  growing  of  Bermuda  onions  should 
be  conducted  on  a  comi)aratively  large  scale.  The  necessary  land 
and  irrigation  facilities  will  require  the  initial  outlay  of  from  $10,000 
to  $30,(K)0,  and  the  nmning  expenses  are  quite  heavy.  The  markets 
are  now  pretty  well  supplied  with  Bermuda  onions,  and  persons  who 
desire  to  engage  in  their  production  are  advised  to  investigate  every 
phase  of  the  industry  before  embarking  too  heavily  in  it.  The 
expansion  of  the  Bermuda-onion  industry  is  limited  by  the  facts 
that  a  large  supply  of  bulbs  can  be  grown  on  a  comparatively  small 
area,  that  the  distance  to  market  is  great,  that  the  product  is  perish- 
able, and  that  the  markets  will  consume  only  a  limited  quantity  at 
the  prices  at  which  the  crop  can  be  sold  with  profit. 

GREEN  ONIONS  FOR  BUNCHING 

Another  phase  of  onion  culture  that  is  of  considerable  importance 
in  certain  localities  is  the  production  of  young  bimching  onions  for 
the  early  sprinjg  trade.  ^  In  several  sections  along  the  South  Atlantic 
coast  the  growing  of  this  class  of  onions  is  ouite  an  enterprise.  Many 
persons  mio  are  engaged  in  other  lines  of  work  follow  the  practice 
of  growing  a  small  area  of  bimching  onions  as  a  side  issue. 

The  varieties  known  as  multipliers  and  top  onions  are  generally 
employed  for  this  purpose;  however,  bunching  onions  are  sometimes 
grown  from  ordinary  sets,  from  inferior  and  damaged  large  onions, 
and  from  seed. 

CULTURAL  METHODS 

For  growing  bunching  onions  the  bulbs  or  sets  are  planted  during 
the  autumn  either  in  beds  or  in  rows  12  or  14  inches  apart  with  the 
bulbs  quite  close  in  the  rows.  The  bulbs  will  start  growing  within 
a  short  time  and  make  more  or  less  growth  during  me  winter.  As 
soon  as  the  weather  becomes  warm  during  the  first  months  of  spring 
the  onions  make  a  rapid  growth  and  are  ready  for  marketing  about 
the  time  peach  trees  b^in  to  bloom. 

The  land  upon  which  these  onions  are  grown  should  be  rich  and 
mellow,  but  very  little  actual  cultivation  will  be  required.  Where 
the  winters  are  severe  it  may  be  necessary  to  provide  slight  protec- 
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tion,  either  a  little  straw,  loose  manure,  leaves,  pine  straw,  or  com 
fodder  that  has  been  run  through  a  shredder.  If  the  onion  beds  are 
protected  on  the  windward  sides  by  means  of  a  windbreak  consisting 
of  a  grove  of  pine  trees,  a  fence  of  boards,  pine  boughs,  or  com 
fodder,  the  crop  will  be  read^  for  marketing  a  little  earlier  than  if 
left  exposed.  Multiplier  omons  not  gathered  for  marketing  are 
allowed  to  remain  to  form  the  bulbs  for  planting  the  following  season. 

MARKBTINQ 

In  marketing  this  class  of  onions  the  young  scallions  are  pulled,  the 
roots  trimmed,  and  the  outside  peeled  off,  leaving  the  stem  white  and 
clean.  They  are  then  tied  in  small  bunches  by  means  of  soft  white 
string,  the  tops  trinmied  slightly,  and  the  bunches  packed  in  crates 
or  baskets  for  shipment  or  for  sale  on  the  local  market.  This  phase 
of  the  onion  industry  is  limited  to  small  plantings  and  is  well  suited 
to  the  general  market  garden. 

Durmg  the  spring  and  early  sunmier  large  quantities  of  ordinary 
young  onions  are  pulled  when  the  bulb  is  about  the  size  of  a  50-cent 
piece,  the  roots  and  tops  are  trimmed,  and  they  are  then  bunched 
and  sold  for  stewing  purposes.  So  far  as  known,  this  class  of  onions 
is  not  shipped  to  any  great  extent,  but  is  sold  mainly  on  local  markets. 

GARLIC  AND  LEEKS 

Garlic  is  closely  allied  to  the  onion^  but  will  remain  in  the  ground 
from  one  year  to  another  in  a  mild  climate  if  undistiu'bed.  Garlic  is 
planted  by  setting  the  small  bulbs,  or  cloves,  in  either  the  autumn  or 
eariy  spring     The  culture  is  practicallv  the  same  as  for  the  onion. 

liie  leek  also  belongs  to  the  same  class  as  does  the  onion,  but  re- 
quires somewhat  different  treatment.  The  seed  is  usually  sown  in 
beds  and  the  plants  transi)lanted  about  4  inches  apart  in  the  row. 
The  plants  of  tne  leek  are  given  about  tlie  same  cultivation  as  onions, 
except  that  after  they  have  attained  almost  full  size  the  soil  is  drawn 
around  them  to  a  height  of  6  or  8  inches  to  blanch  the  fleshy  stem. 
The  leek  do^  not  form  a  true  bulb  like  the  onion,  but  the  stem  is 
uniformly  thick  throughout.  Leeks  are  marketed  in  bunches,  like 
yoimg  onions,  and  they  may  be  stored  in  cellars  for  winter  use. 

DISEASES  OF  THE  ONION 

The  onion  crop  of  the  United  States  is  by  no  means  free  from 
disease.  For  information  regarding  such  diseases  and  measures  of 
control,  the  reader  is  referred  to  Farmers'  Bulletin  1060,  Onion 
Diseases  and  Their  Control,  published  by  the  United  States  Depart- 
ment of  Agriculture,  Washington,  D.  C. 

ONION  INSECTS  AND  THEIR  CONTROL 

In  the  United  States  the  onion  crop  has  only  two  serious  insect 
pests.  Of  these,  the  onion  thiips  (Thrips  tdbdci  Land),  because  of 
its  distribution  over  the  entire  country,  is  probably  the  most  in- 
jurious. It  is  nearly  always  present  on  onions^  and  imder  favorable 
conditions  it  may  increase  to  such  an  extent  as  to  become  very  de- 
structive.   The  onion  thrips  is  a  very  small  louselike  insect,  pale 
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brown  in  color,  and  usually  is  first  noticed  because  of  the  minute 
whitish  spots  which  it  leaves  on  the  tips  of  the  foliage  after  rasping 
away  part  of  the  leaf  surface  in  feeding.  The  eggs  are  laid  just  be- 
neath the  surface  of  the  leaf,  and  the  insects,  in  both  the  mature  and 
immature  forms,  feed  on  the  surface  from  the  sheath  to  the  tip.  In 
serious  infestations  the  tops  of  the  onions  become  grayish  white, 
afterwards  turning  brown  and  dying.  At  such  times  the  leaves,  if 
examined,  may  be  seen  to  be  covered  with  thrips. 

The  onion  thrips  is  particularly  injurious  m  the  South,  and  in 
the  Texas  Bermuda-onion  district  it  is  a  constant  menace  to  the  crop. 
It  is  particularly  likely  to  injure  plantings  which  follow  or  are  adjacent 
to  such  early  crops  as  cabbage,  from  which  the  thrips  migrate  in 
great  numbers  at  harvest  time.  A  vigorous,  strongly  growing  onion 
crop  may  grow  away  from  thrips  injury,  but  if  for  any  reason  growth 
becomes  badly  checked,  damage  is  almost  sure  to  result. 

Onion  breeding  work  now  under  way  has  for  its  object  the  produc- 
tion of  strains  of  onions  that  have  round  and  widely  separated  leaves 
with  very  Uttle  sheath  under  which  the  thrips  may  hide  or  be  pro- 
tected from  sprays  or  dusts  applied  for  their  control. 

Thrips  may  be  fairly  well  controlled  by  spraying  with  nicotine  at 
the  rate  of  three-fourths  of  a  pint  of  a  40-percent  solution  to  50 
gallons  of  water  in  which  4  pounds  of  soap  has  been  dissolved.  Use 
a  high-pressure  sprayer  and  hold  the  nozzle  close  to  the  plants,  as 
thrips  often  feed  and  remain  protected  in  the  leaf  sheaths  and  creases. 
Clean  up  weed  patches  near  the  onion  fields  and  rake  together  and 
bum  the  onion  tops  as  soon  as  the  crop  is  harvested.  The  grower 
should  examine  his  onion  plantings  from  time  to  time  in  order  to 
detect  the  early  stages  of  the  infestation.  It  is  easier  to  keep  an 
infestation  down  by  early  treatments  than  to  control  a  heavy  infes- 
tation. 

In  the  northern  part  of  the  United  States  the  onion  maggot  {Ilylem- 
yia  anliqua  Meig.)  often  becomes  very  destructive,  especifuly  to  small 
seedling  onions.  This  pest  is  a  white,  footless  maggot,  the  larva  or 
young  of  a  fly  much  resembling  the  common  housefly,  and  is  about 
three-eighths  of  an  inch  in  length  when  full  grown.  The  eggs  are  laid 
by  the  fly  early  in  the  spring,  and  are  placed,  in  the  case  of  seedling 
onions,  on  the  ground  near  the  plant,  or  in  the  sheaths  of  the  leaves 
near  the  ground.    On  hatching,  the  young  maggot  burrows  into  the 

Slant  and  bores  through  the  stem  and  bulb,  oasuy  killing  small  seed- 
ngs.  After  killing  one  plant  it  proceeds  to  the  next,  thus  causing 
many  skips  in  the  row.  When  larger  plants  are  attacked,  several 
larvae  may  be  found  in  the  bulb. 

A  remeay  that  has  been  used  successfully  in  some  sections  consists 
of  treating  the  soil  about  the  plants  with  a  bordeaux-oil  emulsion. 
The  emulsion  is  best  appUed  to  the  onion  rows  by  means  of  a  sprayer, 
the  material  being  directed  to  the  base  of  the  plants.  Enough  of  the 
material  should  be  applied  to  moisten  the  soil  at  the .  base  of  the 
plants.  The  bordeaux-oil  emulsion  may  be  prepared  by  adding  IK 
gallons  of  oil  emulsion,  suitable  for  use  against  orchard  scale  insects, 
to  48Ji  gallons  of  4-4-50  bordeaux  mixture.  Apply  five  times  at 
weekly  intervals,  beginning  when  the  young  plants  are  about  an  inch 
high.  An  effective  treatment  requires  about  115  gallons  of  the  spray 
per  acre. 
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Cutworms  are  sometimes  troublesome,  but  are  easily  controlled  by 
the  bran  mash  and  arsenic  bait,  scattered  thinly  wherever  the  young 
seedlings  have  been  found  to  be  cut  off.' 

PRESENT  STATUS  OF  THE  ONION  INDUSTRY 

Because  of  variations  in  the  cost  of  labor,  tools,  fertilizers,  seed, 
and  other  mateiiak  and  the  many  factors  involved  in  the  production 
of  an  onion  crop  it  is  impossible  to  give  definite  cost  and  profit  figures. 
The  average  yield  of  onions  is  aroimd  290  bushels  to  the  acre,  but 
yields  of  400  to  600  bushels  are  not  unconmion.  The  price  of  onions 
IS  extremely  variable  from  one  year  to  another,  but  on  the  whole  Uie 
crop  has  proved  profitable  to  the  growers  when  taken  on  an  average 
for  a  period  of  years. 

In  some  sections  onions  are  grown  in  rows  3  feet  apart  and  given 
horse  cultivation,  thus  reducing  the  yield  to  about  150  bushels  on  an 
acre  and  cutting  down  production  costs  in  proportion.  This  method 
of  growing  onions  is  especially  adapted  for  use  on  low-priced  land 
and  where  hand  labor  is  scarce. 

Both  the  supply  and  demand  for  onions  are  increasing  and  at 
present  bear  about  an  equal  relation  to  each  other.  Some  vears  the 
supply  falls  a  little  short  and  the  prices  go  somewhat  higher,  with 
the  result  that  larger  quantities  are  imported.  The  following  season 
the  plantings  are  generally  heavier,  the  market  may  be  a  little  slow, 
and  the  result  will  be  low  prices,  and  a  great  many  people  will  discon- 
tinue the  growing  of  onions  or  reduce  their  acreage. 

Prices  of  onions,  especially  the  Texas-grown  Bermuda  onions,  are 
greatiy  influenced  by  importations  of  Egyptian  onions  which  appear 
on  our  markets  about  the  same  time  of  the  vear  that  the  Bermuda 
onions  are  being  marketed.  The  ease  with  which  both  the  Egyptian 
and  the  Spanish  onions  can  be  delivered  to  our  eastern  mai^ets  as 
compared  with  the  long  freight  haul  from  southwestern  Texas  or 
Pacific  Coast  States  renders  the  position  of  the  American  grower  of 
Bermuda  and  other  mild  onions  more  or  less  hazardous.  Despite 
this  condition,  however,  both  the  Bermuda  and  the  Spanish  onion 
industries  have  become  well  established  in  the  United  States. 

Recentiy  the  production  of  tiie  large  Sweet  Spanish  onion  has 
become  well  established  in  a  number  of  tiie  Western  States,  and  with 
the  present  tariff  rate  in  effect  on  imported  Spanish  and  other  onions 
American  growers  are  in  position,  under  normal  crop  conditions,  to 
fully  supply  the  principal  markets  of  the  United  States.  American 
growers  of  the  Sweet  Spanish  and  Bermuda  onions  are  no  longer 
dependent  upon  imported  seed,  as  an  adequate  supply  is  now  being 
produced  by  the  California  and  other  western  seed  growers. 

>  For  further  infonnatlon  write  to  the  Bureau  of  Entomoloiry  and  Plant  Quarantine,  U.  8.  Department 
of  AirricuHure,  Warfiinirton,  D.  C. 
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U.  S.  Depabtment  of  Aobicultubb, 

Bureau  of  Plant  Industry, 

Offioe  of  the  Chief, 
WasUngton,  D.  (7.,  February  27;  1909. 

Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  a  Farmers'  Bulletin,  a  manuscript  entitled  ''A  Suc- 
cessful Poultry  and  Dairy  Farm/'  This  manuscript  was  prepared  by 
Prof.  W.  J.  Spillman,  Agriculturist  in  Charge  of  the  Office  of  Farm 
Management  of  this  Bureau,  who  for  several  years  past  has  made  a 
careful  study  of  the  system  and  methods  in  vogue  on  this  farm. 

The  farm  described  in  this  manuscript  is  of  peculiar  interest.  It 
was  hewn  out  of  the  timber  by  the  owner  and  his  family  and  farmed 
by  them  for  eighteen  years  practically  without  outside  help.  It  pro- 
duces large  crops;  it  is  properly  diversified  in  that  it  has  two  princi- 
pal industries  and  one  minor  one;  it  is  eminently  adapted  to  the 
conditions  of  local  environment;  it  is  highly  profitable;  of  the  three 
boys  and  three  girls  raised  on  the  farm  those  who  have  desired  it 
have  obtained  a  college  education  or  are  doing  so.  The  owners  of 
this  farm  are  recognized  as  high  authorities  in  agricultural  matters 
by  those  who  are  acquainted  with  their  work.  They  take  a  leading 
part  in  the  farmers'  institute  work  of  the  State  in  which  they  reside 
and  are  well  known  as  contributors  to  agricultural  papers.  It  is 
believed  that  this  description  of  their  methods  and  results  will  be  of 
great  value  to  all  farmers  in  this  country. 
Respectfully, 

B.  T.  Galloway, 

Ohirf  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  AgricuUure. 
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A  SUCCESSFUL  POULTRY  AND  DAIRY  FARM. 


DrTBODxrcnov. 

A  strong  tide  is  setting  in  from  the  city  to  the  country.  Not  only 
is  it  becoming  fashionable  among  wealthy  people  to  own  country 
homes,  where  they  either  farm  or  play  at  farming,  but  city  wage- 
earners  and  substantial  salaried  employees  are  looking  more  and 
more  to  the  farm  as  a  relief  from  the  grinding  toil  of  the  city  and  the 
uncertainty  of  salaried  employment.  The  following  letter  is  typical 
of  many  received  by  the  Department  of  Agriculture: 

I  am  an  employee  in  a  laige  manufacturing  establishment.  My  wife,  mother,  and 
sister  are  dependent  on  my  income,  which  is  $1,000  a  year.  I  have  saved  $2,000.  I 
do  not  know  what  time  some  relative  of  a  high  official  of  the  company  may  need  my 
place.  I  desire  to  own  a  farm  and  live  on  it,  so  that  I  may  feel  the  sense  of  proprie- 
tozship.  I  am  offered  80  acres  of  land  for  $2,000.  I  ariTthinking  of  offering  $1,000 
cash  and  a  like  amount  on  time  for  this  iarm,  so  that  I  may  have  capital  for  starting 
in  business.    Do  you  think  I  can  safely  make  the  change? 

The  Bureau  of  Plant  Industry  is  trying  to  get  in  a  position  to 
answer  questions  like  this.  Farming  is  a  complex  business.  The 
successful  farmer  must  be  a  good  manager.  This  means  that  he 
must  know  what  to  do  and  how  to  do  it,  and  must  be  able  to  do 
things  at  the  time  they  should  be  done.  He  should  have  some  knowl- 
edge of  physics,  mechanics,  chemistry,  physiology,  and  engineering. 
He  must  know  something  of  the  breeds  of  live  stock  and  of  the 
principles  involved  in  feeding  and  breeding  them.  He  must  know 
something  of  soils,  and  most  of  this  knowledge  of  the  soil  must  come 
from  experience  with  the  particular  soil  he  farms.  No  amount  of 
knowledge  of  these  things  gleaned  from  books  will  completely  take 
the  place  of  experience.  No  man  can  begin  farming  without  pre- 
vious experience  and  be  successful  from  the  start.  Yet  some  of  the 
most  successful  farmers  in  this  country  began  farming  in  middle  life. 
Their  success  has  been  due  to  persistent  effort,  indomitable  energy, 
patience,  and  a  reahzation  of  their  lack  of  knowledge  which  led  them 
to  seek  information  from  every  possible  source.  The  first  few  years 
were  full  of  discouragement.  Later,  many  such  men  have  won  envi- 
able reputations  as  farmers. 
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The  present  article  is  the  story  of  a  professional*  man  ^^hose  long- 
ing for  the  freedom  of  country  life  led  him  at  the  age  of  36  to  abandon 
the  city  for  the  farm.  Unf ortimately  the  record  of  his  early  stru^ 
gles  is  very  incomplete.  That  these  were  severe  is  attested  by  the 
fact  that  the  owner  and  his  family,  with  a  little  hired  labor,  have 
cleared  76  acres  of  heavily  timbered  land,  built  a  comfortable  home, 
with  substantial  bam,  dairy  house,  silo,  and  poultry  houses,  and  have 
developed  under  trying  conditions  one  of  the  best-paying  farms  in 
the  country.  In  1906  the  gross  income  of  this  farm  was  about  $5,000 ; 
it  is  considerably  larger  now. 

The  farm  referred  to  is  that  of  Mr.  H.  L.  Blanchard,  of  Jefferson 
County,  Wash.  It  lies  on  the  west  side  of  Puget  Soimd,  at  the  base 
of  the  Olympic  Mountains.  The  products  of  the  farm  are  butter, 
eggs,  poultry,  and  a  small  quantity  of  fresh  pork.  These  are  carried 
to  market  12  miles  over  a  fairly  good  macadam  road,  by  team,  once 
a  week.  So  careful  is  the  owner  of  this  farm  of  the  market  he  has 
made  that  he  has  not  once  failed  to  deliver  his  products  on  his  regular 
market  day  during  the  past  twelve  years. 

Since  this  farm  has  been  brought  to  its  present  profitable  state  by 
the  joint  efforts  of  every  member  of  the  household,  it  is  proper  to  say 
that  when  the  family  moved  to  the  farm  in  1887  it  consisted  of  man 
and  wife,  three  boys,  and  three  girls,  the  oldest  child  being  a  boy  of 
13.  The  only  labor  ever  hired  on  this  farm  before  the  first  son 
entered  an  agricultural  college  was  a  wood  chopper  for  less  than  three 
months  in  1886  to  help  do  the  first  clearing,  two  carpenters  for  two 
weeks  in  building  the  house  in  1887,  and  other  assistants  for  miscella- 
neous pieces  of  work  costing  not  over  $100  during  the  entire  ei^teen 
years  up  to  the  fall  of  1905.  The  father  and  the  three  sons  have  done 
the  farm  work,  milked  the  cows,  and  made  the  butter.  The  house- 
hold duties  have  been  systematically  discharged  by  the  mother  and 
daughters,  and  for  several  years  the  mother  and  one  of  the  daughters 
have  run  most  of  the  poultry  business,  another  daughter  has  reared 
the  calves,  while  the  third  daughter  has  kept  the  books  of  the  estab- 
lishment. 

HISTOBT  OF  THE  FASH  AVD  ITS  OWHEB. 

Mr.  Blanchard  was  reared  on  a  dairy  farm  in  western  New  York. 
He  was  educated  for  the  law  and  followed  that  profession  for  seven 
years.  YtThile  practicing  law  he  organized  an  iron  company  and  spent 
the  next  seven  years  in  connection  with  its  business.  This  brou^t 
him  again  in  contact  with  outdoor  life,  which  he  enjoyed  and  which 
gave  him  better  health.  The  iron  business  did  not  prove  satisfactory 
because  of  the  excessive  cost  of  the  product,  so  that  in  1886  he  deter- 
mined to  buy  a  farm  and  devote  his  life  to  farming.    Accordingly  he 
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bought  entirely  on  credit  80  acres  of  land,  all  heavily  timbered,  for 
idiich  he  contracted  to  pay  $33  an  acre. 

He  began  clearing  the  land  at  once  (June,  1886).  During  the  sum- 
mer of  1886  and  the  following  fall  and  winter,  with  the  aid  of  his 
12-year-old  son  and  a  hired  chopper,  who  worked  less  than  three 
months,  he  deUvered  200,000  board  feet  of  timber  to  a  near-by 
sawmilL  The  sum  received  for  this  timber  was  sufficient  to  pay  the 
diopper  and  to  buy  lumber  for  a  home  and  bam.  The  house  was 
built  in  1887;  as  soon  as  it  was  ready  the  family  moved  to  the  farm. 
At  this  time  the  obligations  of  the  family  amounted  to  $3,000. 

The  first  important  task  after  the  family  was  established  on  the 
farm  was  the  clearing  of  the  land.  Unfortunately,  few  who  read  thjs 
realize  what  clearing  heavify  timbered  land  in  western  Washington 
means.  The  owner  estimates  that  had  he  hired  all  the  labor  for  this 
it  would  have  cost  $70  an  acre  for  the  bottom  land  and  not  less  than 
$150  an  acre  for  the  upland,  including  the  removal  of  stumps.^ 
Twenty  acres  of  the  bottom  land  was  so  filled  with  fallen  logs  sunken 
in  the  soft  muck  soil  that  it  could  be  used  for  pasture  only  for  many 
years  after  clearing.  Part  of  this  20  acres  was  put  into  cultivated 
crops  for  the  first  time  in  1906. 

Clearing  went  forward  as  time  could  be  found  for  it.  The  first 
planting,  consisting  of  2  acres,  was  made  in  1887.  In  1888,  10  acres 
more  were  put  in  cidtivation;  in  1889  another  10  acres.  In  1890, 
15  additional  acres  were  cleared  sufficiently  to  be  seeded  to  pasture 
grasses,  and  a  like  area  was  seeded  for  pastmre  the  following  year. 

Much  of  this  land  was  so  wet  as  to  require  underdrainage,  and  the 
winter  months  were  largely  spent  in  putting  in  the  necessary  drains. 
These  were  made  of  cedar  lumber  obtained  in  the  clearing  operations. 

In  1887  the  owner  of  the  new  farm  gave  up  his  connection  with  the 
iron  company.  At  that  time  the  farm  would  not  support  the  family. 
A  good  team  and  wagon  enabled  him  to  earn  something  by  hauling 
timber  and  lumber  for  farmers  who  were  clearing  and  building.  He 
did  such  work  for  others  as  a  means  of  supplying  his  family  with  the 
necessaries  and  comforts  of  life.  From  the  first  he  kept  1  or  2 
cows,  and  in  1890  he  had  6  or  7,  descended  from  the  old  family 
cow  and  two  others  he  had  bought.  The  year  before  this  he  sold  his 
first  butter,  put  up  in  hand-made  rolls  and  taken  to  market  in  a 
backet.  A  piece  of  good  fortune  the  second  year  made  life  com- 
paratively easy  the  succeeding  winter,  for  in  the  spring  he  planted 
5  acres  <^  potatoes,  which  made  a  good  crop.  As  this  was  a  famine 
year  for  potatoes,  he  was  able  to  sell  his  entire  crop  at  2^  to  3  cents 
a  pound.    Potatoes  were  planted  again  the  next  year,  but  the  price 
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was  low  and  little  profit  was  made.  Finding  a  ready  sale  at  fair 
prices  for  the  small  quantity  of  batter  made  the  third  year,  he  sold 
more  the  next  year,  and  thereafter  developed  the  dairy  business  as 
fast  as  conditions  would  permit.  The  neighboring  farmers  were 
astonished  when  he  attempted  to  keep  7  cows  on  so  small  a  farm; 
they  said  it  could  not  be  done.  Nevertheless,  in  1899  he  had  36 
cow?  in  milk,  raising  all  the  roughage  for  these  and  for  the  neces- 
sary bulls,  young  stock,  and  work  horses,  besides  some  grain  for  the 
poultry.  A  cream  separator  was  installed  in  1891.  The  same  year 
one  of  the  daughters  embarked  in  the  poultry  business.  Three  years 
later  this  business  had  grown  to  such  proportions  that  the  mother's 
assistance  was  necessary.  At  the  present  time  (1908)  the  mother  and 
daughter  care  for  about  500  laying  hens,  while  the  head  of  the  house- 
hold has  another  flock  of  200  for  which  he  is  individually  respmisibfe. 
In  the  early  days  chickens,  pigs,  and  cows  were  all  kept  in  the  same 
stable,  the  chickens  being  kept  in  a  double  deck  over  the  pigsty.  At 
the  present  time  the  equipment  for  managing  poultry  is  hardly  sur- 
passed on  any  poultry  farm  in  the  country.  As  the  older  boys  go 
off  to  college,  the  poultry  business  is  gradually  replacing  the  dairy, 
the  work  being  lighter  and  the  remimeration  greater. 

E0I7ES  OF  LABOB. 

The  hours  of  labor  on  the  Blanchard  farm  are  as  follows: 

5  to  7  a.  m. — ^Feeding,  milking,  and  separating  the  milk. 

7  to  8  a.  m. — Break&ist. 

8  to  9.30  a.  m. — Stable  work,  the  cowb  being  turned  out  to  water  while  the 
stables  are  cleaned. 

9.30  a.  m.  to  12  m. — General  &rm  work. 

12  m.  to  1  p.  m. — Dinner. 

1  to  4  p.  m. — General  farm  work. 

4  to  6  p.  m. — Chores,  including  milking. 

Aside  from  the  management  of  the  poultry,  the  work  of  this  farm 
is  done  by  3  men,  including  the  owner,  who  in  addition  takes 
the  entire  care  of  200  hens.  At  the  present  time  the  dairy  herd  con- 
sists of  33  cows.  Since  1905  some  hired  labor  has  been  employed,  the 
wages  paid  being  $30  to  $40  a  month  with  board  and  lodging. 

The  wages  paid  and  the  hours  of  labor  may  seem  to  compare  unfa- 
vorably with  those  of  corresponding  occupations  in  the  city;  but  is 
this  reaUy  the  case  ?  It  will  be  noticed  that  the  working  day  is  broken 
up  into  several  periods  during  which  different  kinds  of  labor  are  done. 
The  longest  continuous  period  at  the  same  employment  is  three  hours. 
Although  the  total  period  of  labor  is  eleven  hours  a  day,  it  is  so 
divided  that  the  work  does  not  become  monotonous  and  is  therefore 
not  drudgery.  Again,  $30  or  $40  a  month,  with  excellent  board  and 
good  lodging,  is  better  wages  than  $50  or  $60  a  month  in  the  city, 

856 


A  SUCCESSFUL  POULTBY  AND  DAIRY  FABM.  9 

where  board  and  lodging,  usually  oi  a  very  inferior  kind,  must  be  paid 
for  out  of  the  wages  received.  With  such  employment  the  laborer, 
if  he  is  industrious  and  frugal,  may  lay  by  capital  and  ultimately 
become  a  proprietor  himself.  Few  city  employees,  even  those  hold- 
ing the  more  desirable  clerkships  in  the  leading  stores,  can  save  as 
much  as  they  could  as  laborers  on  the  better  class  of  farms,  nor  can 
they  live  as  well. 

DEAIHAOE. 

As  previously  stated,  a  considerable  portion  of  this  farm  consists 
of  low-lying,  more  or  less  peaty  soil.  A  fair-sized  stream  runs 
through  this  and  gives  some  trouble  by  overflowing  occasionally 
during  the  winter — the  period  of  the  year  when  most  of  the  rain  falls 
in  all  sections  west  of  the  Rocky  Moimtains.  Perhaps  50  acres  of 
the  land  on  this  farm  require  drainage.  The  stream  bed  is  only 
slightly  depressed  below  the  general  level  of  this  50  acres,  so  that 
drainage  is  more  or  less  of  a  problem. 

In  the  soft,  peaty  soil  the  drains  are  put  in  at  distances  ranging 
from  30  feet  in  the  wettest  places  to  80  feet  in  the  drier  parts.  The 
depth  of  the  drains  varies  from  2  i  to  3  J  feet,  according  to  the  fall 
obtainable,  the  greater  depth  being  preferable,  because  the  settling 
of  the  loose  soil  soon  exposes  shallow  drains.  Formerly  the  drains 
were  made  as  follows:  A  ditch  was  dug  2  feet  wide  and  as  deep  as 
the  fall  would  permit.  Then  two  cedar  timbers  5  inches  square 
were  placed  at  the  sides  in  the  bottom.  These  were  covered  by  2-inch 
cedar  planks,  2  feet  long,  laid  crosswise,  and  the  ditch  was  then  filled 
up  with  earth.  As  long  as  timber  was  abundant  this  method  was 
satisfactory.  Much  of  the  excavating  could  be  done  by  means  of  a 
plow,  and  the  value  of  the  labor  expended  in  putting  in  these  drains 
was  estimated  at  60  cents  to  $1  a  rod.  Now  that  lumber  for  the 
underdraining  must  be  bought,  the  plans  for  the  work  are  to  be 
changed.  Earthen  tile  would  soon  become  displaced  in  this  soft 
earth,  so  that  drains  are  to  be  made  of  1  by  6  inch  cedar  boards, 
nailed  together  so  as  to  make  a  long,  square  box.  Two  extra  short 
boards  are  nailed  on  the  ends  of  each  box,  so  as  to  project  6  inches. 
When  two  of  these  boxes  are  placed  end  to  end  the  short  pieces 
nailed  on  the  outside  hold  the  ends  in  place.  The  ditches  are  dug 
only  wide  enough  to  receive  the  boxes. 

THE  CBOPPINO  SYSTEM. 

Of  the  total  area  of  80  acres,  4  acres  of  gravelly  upland  remain 
uncleared.  Of  the  76  acres  from  which  the  timber  has  been  re- 
moved, only  about  66  are  in  the  farm  proper,  the  remainder  being 
taken  up  by  roads,  a  stream,  bam  lots,  chicken  runs,  a  garden,  an 
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orchard,  the  dooryard;  and  a  piece  of  hillj;  gravelly  soil  not  fit  for 
cultivation.    Of  the  06  acres  ^  are  plowed  land. 

The  owner,  like  many  of  our  best  dairy  farmers,  does  not  attempt 
to  follow  a  definite  rotation  over  the  whole  of  his  cultivated  hmd. 
Such  a  rotation  will  not  produce  what  is  needed  in  the  proportion 
desired.  On  part  of  his  land  he  usually  adheres  more  or  less  closely 
to  the  following  rotation,  which  moves  about  the  farm  as  convenience 
demands: 

Four  acres  of  potatoes  and  roots. 
Four  acres  of  wheat  with  clover. 
Then  clover  for  two  or  three  years. 

Before  a  sik)  was  built  4  acres  of  roots,  usually  mangel-wurzels 
and  turnips,  were  nearly  always  grown.  With  silage  so  many  roots 
are  not  needed,  though  some  of  them  are  always  grown  to  give 
variety  to  the  ration.  The  above  rotation  occupies  about  half 
the  cultivated  area  and  is  not  confined  to  any  particular  fields. 
The  root  crops  are  put  in  on  any  grass  land  which  may  need  to  be 
resceded,  just  as  is  the  case  with  com  on  small,  well-managed  New 
England  farms. 

On  the  more  moist  land  English  rye-grass  is  sown  with  clover. 
The  rye-grass  seed  is  scattered  broadcast  on  the  newly  sown  wheat 
land  in  the  fall  and  is  covered  with  a  weeder.  The  clover  seed  is 
sown  in  the  spring  just  after  a  freeze,  late  in  February  or  early  in 
March.  On  the  drier  land  orchard  grass  is  used  instead  of  rye-grass. 
Rye-grass  is  not  grown  to  any  extent  in  the  United  States  except  in 
western  Washington.  On  moist  land  in  that  section  it  is  a  fine  hay, 
pasture,  or  silage  crop.  It  is  practically  an  annual,  but  if  properly 
managed  it  will  reseed  itself  and  make  almost  a  permanent  meadow 
on  suitable  soil.    It  thus  reseeds  itself  on  much  of  this  farm. 

The  wheat  in  the  rotation  mentioned,  as  well  as  that  grown  else- 
where not  in  any  regular  rotation,  is  used  partly  for  soiling,  but  is 
mainly  grown  for  chicken  feed.  Wheat  on  the  peculiar  soils  of  these 
mountain  Talleys  west  of  Puget  Sound  probably  produces  larger 
yields  of  grain  than  anywhere  eke  in  the  world.  Eighty-four  bush- 
els to  the  acre  have  been  grown  on  this  farm,  and  anything  less  than 
60  bushels  is  considered  a  poor  crop.  Such  crops  could  not,  of  course, 
be  grown  except  on  farms  that  have  an  abundance  of  manure.  Sin- 
gularly enough,  none  of  the  wheat  grown  in  this  (Jefferson)  county 
can  be  used  for  bread  making,  because  it  is  entirely  too  starchy.  It 
is  grown  mainly  for  use  as  feed  for  poultry,  but  is  also  fed  to  live 
stock. 

The  remainder  of  the  40  acres  of  cultivated  land  is  devoted  to 
miscellaneous  crops  not  grown  in  any  regular  order.  Such  crops  as 
rye,  wheat,  barley,  oats,  wheat  and  oats,  peas  and  oats,  vetch  and 
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€fttSy  etc.,  are  grown  for  soiling,  hay,  or  silage,  as  required.  On 
some  of  the  muck  land  not  adapted  to  cloyer,  turnips  are  usually 
sown  about  the  first  of  July,  to  be  followed  by  a  mixture  of  redtop 
and  rye-grass.  This  may  be  used  for  hay  the  next  year,  or  it  may 
be  taken  for  pasture,  a  like  area  oi  other  pasture  land  being  plowed 
up.  This  muck  land  also  gives  good  crops  of  wheat  and  oats.  Wheat, 
barley,  oats,  etc.,  not  in  the  regular  rotation  may  or  may  not  be 
followed  by  grass.  Some  bariey  for  soiling  is  sown  as  late  as  August. 
As  iJready  stated,  a  tract  oi  about  20  acres  of  muck  land  was  so 
full  of  sunken  1<^  that  it  could  not  be  plowed  tmtil  these  logs  rotted. 
This  piece  of  land  was  used  for  cow  pasture  for  many  years.  By 
1906  part  of  it  could  be  plowed,  and  since  then  most  of  it  has  reached 
a  condition  that  permits  plowing.  When  any  of  it  is  plowed  up,  a 
like  area  ci  tillable  land  on  the  40  a<^es  preyiously  mentioned  is  con- 
verted into  pasture,  so  that  there  are  always  20  acres  of  cow  pasture. 
In  addition,  there  are  two  pig  and  calf  pastures  of  2  acres  each  and 
a  pasture  of  1^  acres  near  the  bam  tor  the  horses. 

THE  SnO  AWD  THE  SHAOE  CEOPS. 

The  silo,  which  is  made  of  2  by  6  staves,  is  16  feet  in  diameter  and 
24  feet  high.  It  holds  about  65  tons  of  uncut  grass  and  clover.  If 
a  new  silo  were  built  it  would  be  made  at  least  30  feet  high.  The 
silo  is  lined  with  cement,  the  lining  being  renewed  as  occasion 
requires.  No  com  is  grown,  as  this  crop  does  not  do  well  under  the 
prevailing  conditions.  Peas  and  oats  were  formerly  used  largely 
for  silage,  but  for  the  past  few  years  peas  have  failed  for  some 
reason.  Experiments  with  vetch  as  a  substitute  for  peas  have  been 
made,  and  it  has  been  found  very  satisfactory.  One  year  when  the 
peas  were  destroyed  by  worms  the  vetch  was  not  touched. 

Since  peas  began  to  fail,  clover  and  Ehiglish  rye-grass  have  been 
the  main  depend^ice  tor  silage.  Rye-grass  is  a  welcome  addition 
to  the  clover,  for  the  cows  relish  it  greatly  and  it  adds  much  to  the 
yield.  On  the  higher,  drier  fields  orchard  grass  is  sown  with  clover, 
to  be  used  either  for  hay  or  silage.  In  1907  the  silo  was  filled  with 
barley,  on  account  of  the  failure  of  the  peas  in  a  crop  of  peas  and 
oats,  the  barley  being  sown  on  August  10  and  cut  about  October  15. 
The  owner  was  led  to  use  barley  by  the  experience  of  another  farmer 
who  makes  silage  of  barley  without  a  silo,  the  green  material  simply 
being  stacked  and  covered  with  18  inches  of  earth. 

When  clover  and  rye-grass  are  used  for  silage  the  crop  is  cut  about 
June  16  to  20,  finishing  by  the  time  clover  is  in  full  bloom.  Peas 
and  oats  are  cut  for  silage  when  the  oats  are  just  entering  the  dough 
stage  and  the  first  peas  are  ready  for  table  use.    Cut  at  this  stago 
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the  silage  is  sweeter  than  if  cut  earlier.     If  cat  much  eaiiier  it  is 
liable  to  develop  a  very  unpleasant  odor. 

The  materials  used  for  silage  on  this  farm  have  tau^t  the  value 
of  thorough  trampling  in  filling  the  silo,  and  the  owner  is  of  the 
opinion  that  improper  filling  accounts  for  much  poor  silage.  Rye- 
grass is  very  heavy  fmd  packs  well,  but  not  so  well  as  com.  In 
filling,  two  men  are  kept  in  the  silo.  The  green  material  is  spread 
evenly  and  trampled  thoroughly  next  the  wall.  Trampling  is  unnec- 
essary in  the  middle,  where  the  green  material  faUs.  Unlike  com,  the 
material  is  put  in  uncut,  being  elevated  with  an  ordinary  hayfork. 
Trampling  around  the  walls  is  kept  up  at  intervals  as  long  as  the 
silage  continues  to  settle,  say  for  ten  to  fourteen  dajrs  after  filling, 
depending  upon  the  rapidity  of  filling.  Rapid  filling  means  long 
settling.  The  silo  is  filled  to  the  top,  then  two  or  three  loads  a  day 
are  added  for  several  days,  as  the  material  settles.  The  filling  con- 
tinues as  long  as  the  settling  will  permit  the  addition  of  a  full  load 
every  other  day,  and  when  completed  the  silage  is  at  once  covered 
at  least  a  foot  deep  with  green  marsh  grass,  well  trampled  and  well 
wetted.  The  wetting  is  repeated  daily  for  two  or  three  days,  and 
the  trampling  continues  several  days  longer.  For  the  wetting, 
water  is  drawn  up  in  buckets  from  barrels  in  a  wagon.  Two  barrels 
are  suflScient  for  one  wetting.  It  is  easily  seen  that  the  men  on  this 
farm  are  more  afraid  of  spoiled  silage  than  they  are  of  work. 

THE  HAlTDLnrO  OF  MAFOBE. 

It  goes  without  saying  that  on  a  farm  as  well  managed  as  this 
good  use  is  made  of  all  the  manure  produced.  It  is  hardly  prac- 
ticable under  the  conditions  to  haul  the  manure  to  the  field  every 
day,  which  is  really  the  best  practice  where  it  can  be  done.  The 
manure  is  removed  from  the  bam  daily,  and  every  two  weeks  a 
general  cleaning  up  occurs,  all  the  manure  available  on  the  place 
being  taken  to  the  fields.  It  is  spread  on  newly  plowed  land  and  on 
grass  lands.  Heavy  applications  are  made  on  the  garden  and  on 
land  which  is  to  be  devoted  to  root  crops.  Every  part  of  the  farm 
receives  manure  in  its  turn. 

THE  DAntT  HEBD  AND  ITS  MAHAOEHEHT. 

Like  many  a  beginner,  the  owner  of  this  farm  started  in  with  cows 
that  did  not  belong  to  a  dairy  breed.  These  cows  were  Shorthorns. 
Some  of  the  original  stock  were  good  milkers,  but  when  a  pure-bred 
Shorthorn  bull  was  bought  for  $125  the  heifer  calves  proved  worth- 
less in  the  dairy.  This  excellent  beef  bull  had  tuberculosis,  and  the 
owner  got  rid  of  him  and  all  his  get  with  comparatively  little  loss  of 
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time.  Abotit  thb  time  a  dairy  near  by  "broke  up/'  and  6  really 
good  Jersey  cows  were  taken  for  their  keep.  After  keeping  them  five 
years,  3  of  them  were  purchased,  as  was  also  a  registered  Jersey  bull, 
the  first  registered  animal  ever  brought  into  the  county.  At  that 
time  the  herd  consisted  of  16  to  18  cows.  When  the  produce  from 
this  bull  came  to  maturity  the  owner  found  he  was  on  the  right  line, 
and  his  herd  consists  now  of  high-grade  Jerseys  and  Quemseys. 

In  1892  contagious  abortion,  the  bane  of  dairy  farming,  broke  out 
in  this  hwd.  Eighteen  out  of  19  cows  aborted.  In  1893  only  2  or 
3  calves  wore  bom.  About  half  the  herd  aborted  in  1894.  This 
incident  well  illustrates  the  reason  why  this  farmer  has  been  so  suc- 
cessful. Most  men  would  have  given  up  dairying  at  this  point. 
Not  so  with  him.  He  wrote  to  the  State  veterinarian  and  learned 
how  to  treat  the  disease  and  then  went  to  work  and  cured  his  cows." 
Before  the  season  of  1894  was  over  he  had  the  disease  completely 
mastered  and  has  had  no  recurrence  of  it  since.  The  loss  of  calves 
in  1892  and  1893,  however,  was  a  serious  blow,  from  which  it  took 
several  years  to  recover.  The  disease  was  introduced  into  the  herd 
by  loaning  the  bull  to  a  neighboring  dairyman  whose  herd  Was 
infected,  a  fact  not  known  at  the  time. 

The  data  for  this  bulletin  have  been  obtained  on  three  separate 
visits  to  Mr.  Blanchard's  farm— in  1905,  1906,  and  1907.  The 
following  description  of  the  dairy  herd  relates  to  the  year  1905, 
when  the  herd  was  about  at  its  maximum.  The  second  son  had 
just  gone  away  to  college,  the  oldest  son  having  already  graduated 
in  agriculture  and  entered  the  service  of  the  United  States  Depart- 
ment of  Agriculture.  Since  that  time  the  herd  has  been  allowed 
to  decrease  in  size,  a  corresponding  increase  in  poultry  compensating 
therefor.  At  that  time  there  were  37  cows  in  the  herd.  From  9  to 
12  heifer  calves  were  saved  each  year,  so  that  there  were  usually 
on  hand  about  this  number  of  yearling  heifers  and  a  like  number 
of  calves.  Male  calves  were  made  away  with  as  soon  as  bom,  as  is 
the  practice  on  most  good  dairy  farms  having  grade  cows.  Not  all 
the  heifers  were  needed  to  keep  up  the  herd,  so  a  good  many  of  them 
were  sold.  Experience  has  shown  that  after  a  herd  is  once  built  up 
it  may  be  kept  at  a  high  degree  of  efficiency  by  using  well-bred  bulls 
and  saving  one-fourth  as  many  female  calves  every  year  as  there 
are  cows  in  the  herd.  This  means  keeping  half  as  many  young 
females  (calves  and  yearlings  together)  as  there  are  cows.  This 
enables  the  dairyman  to  replace  not  only  the  old  cows  that  are 
beginning  to  fail,  but  also  young  cows  that  have  not  proved  profitable. 

a  Information  regarding  this  treatment  may  be  obtained  from  the  various  State 
agricoHural  colleges  and  from  the  U.  S.  Department  of  Agriculture. 
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Two  bulls  are  kept,  one  younger  than  the  other,  so  there  is  a  chance 
to  determine  the  value  of  a  new  one  before  an  old  one  goes. 

The  owner  endeavors  to  have  most  of  his  cows  freshen  in  the  fall, 
because  of  the  higher  price  of  butter  in  winter.  It  is  not  possible, 
however,  to  get  all  the  cows  fresh  at  this  season.  Usually  about 
half  of  them  bring  calves  in  September  and  October,  one-fourth 
during  the  winter,  and  one-fourth  in  the  spring.  This  gives,  under 
his  conditions,  a  fairly  satisfactory  distribution  of  the  product 
throughout  the  year.  If  all  the  product  were  sold  to  private  cus- 
tomers it  would  be  preferable  to  have  the  same  flow  of  milk  at  all 
seasons,  but  the  method  of  marketing,  described  later,  makes  it 
more  profitable  to  have  the  largest  flow  of  milk  in  winter.  The 
smallest  number  of  cows,  15  to  20,  are  in  milk  during  August.  Dur- 
ing May  and  Jirne,  32  to  33  are  giving  milk.  Cows  that  freshen  in 
the  fall  bring  the  largest  annual  income,  other  things  being  equal, 
since  they  give  most  of  their  milk  during  the  season  of  high  prices. 

This  herd  contains  no  phenomenal  milkers.  A  few  of  the  best 
cows  give  more  than  400  poimds  of  butter  a  year,  yet  the  average 
yield  of  butter  for  1905  was  only  256  poimds  for  all  cows,  including 
dry  ones.  At  least  one-fourth  of  these  cows  were  heifers  with  their 
first  calves.  The  writer  is  inclined  to  attribute  this  moderate  yield 
to  the  owner's  system  of  feeding.  He  has  never  fed  much  grain, 
n6t  over  half  as  much  as  some  dairymen  feed.  He  has  never  thought 
it  profitable  to  feed  concentrate  heavily.  Considering  the  fact 
that  butter  is  sold  at  market  prices  and  that  concentrates  are  rela- 
tively high  priced,  the  system  followed  ia  probably  correct  in  the 
main.  Suppose  1,000  pounds  more  grain  a  year  were  fed  to  each 
cow  and  the  butter  yield  thereby  raised  to  300  poimds;  this  grain,  at 
$20  a  ton,  would  be  worth  $10;  the  difference  between  300  pounds 
of  butter  and  256  pounds  is  44  pounds,  which,  at  26  cents,  amounts 
to  $11.44,  or  only  $1.44  more  than  the  value  of  the  additional  con- 
centrates. These  figures  are  only  estimates.  The  actual  results 
might  possibly  throw  the  balance  on  the  other  side.  It  is  probable 
that  this  herd  could  easily  be  made  to  average  300  pounds  of  butter 
per  cow  if  it  were  profitable  to  do  so.  If  the  owner  were  situated 
near  a  large  city  where  he  could  sell  all  his  butter  or  a  laige  part  of  it 
at  fancy  prices  (it  is  fancy  in  quality),  he  would  be  justified  in  feeding 
more  heavily  than  he  does. 

There  has  never  been  a  case  of  milk  fever  on  this  farm..  The  owner 
does  not  know  whether  this  is  due  to  his  system  of  feeding  or  to  the 
absence  of  phenomenal  milkers.  It  is  probably  due  to  the  latter, 
and  that  in  turn  to  the  system  of  feeding. 
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SYSTEM  OF  FEEDING  DAQtY  COWS. 
Winter  Feeding. 

In  winter  dry  cows  are  fed  10  to  15  pounds  of  roots  (turnips  or 
mangd-wurzels)  daily  and  all  the  hay  they  will  eat.  The  hay 
usually  consists  of  peas  and  oats  or  rye-grass  and  clover,  both  excel- 
l^it  for  cattle.  As  freshening  time  approaches  the  quantity  of  roots 
is  gradually  increased  to  twice  the  above  amount,  and  bran  is  added. 
Under  such  conditions  mature  cows  receive  4  potmds  of  bran  a  day 
by  the  time  they  freshen,  heifers  half  this  quantity  and  half  as  many 
roots.  All  cows  are  kept  in  the  stable  in  winter,  except  for  a  short 
period  each  day  when  they  are  let  out  to  drink  while  the  stable  is 
cleaned. 

Cows  giving  milk  during  the  winter  are  fed  all  the  hay  they  will 
eat,  which  is  about  12  to  15  potmds  a  day,  besides  20  to  30  pounds 
of  silage,  20  to  40  pounds  of  roots,  and  4  to  8  pounds  of  bran  and 
Aorts  daily.  Bran  costs  $19  to  $20  and  shorts  $20  to  $22  a  ton. 
They  are  mixed  half  and  half  by  weight. 

Snxniner  Feeding. 

Silage  and  roots  are  grown  in  quantities  sufficient  to  last  till  soiling 
crops  and  pasture  are  ready  in  the  q>ring.  An  acre  of  rye  is  sown 
in  the  fall  for  early  soiling.  This  is  followed  by  wheat.  Soiling 
crops  in  summer  take  the  place  of  silage  in  winter,  and  pasture  takes 
the  place  of  roots.  While  feeding  green  rye  the  bran  and  shorts  are 
continued  as  in  winter  feeding,  but  as  soon  as  wheat  comes  in  for 
green  feed  the  feeding  of  concentrates  ceases  entirely.  Hay  is  fed 
the  year  round — all  that  the  cows  will  eat.  In  winter,  with  roots, 
olage,  and  concentrates  (bran  and  shorts),  the  cows  eat  12  to  15 
pounds  of  hay  a  day.  In  summer,  with  an  abundance  of  green  feed, 
they  consume  about  5  pounds  of  hay  a  day.  Dry  cows  simply  run 
on  pasture  in  summer,  receiving  no  other  feed. 

Soiling^  Crops. 

When  it  is  convenient  in  the  cropping  system,  an  acre  of  rye  is 
sown  in  the  fall  for  use  as  green  feed  in  early  spring.  It  is  sown  in 
October,  and  is  fed  about  May  1  to  15.  At  the  beginning  of  this 
period  the  rye  has  not  yet  headed  out;  at  the  end  it  is  in  the  milk 
stage.  Pasturing  begins  about  the  same  time  as  soiling.  The  aim 
fa  to  b^in  pasturing  when  the  supply  of  roots  is  exhausted,  and  soil- 
ing when  sUage  gives  out.  The  feeding  of  bran  and  shorts  ceases 
when  the  change  is  made  from  rye  to  wheat  for  soiling.     One  reason 
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for  this  is  that  wheat  is  more  palatable  than  rye,  and  the  cows  eat 
more  of  it.  Another  is  that  by  this  time  the  pastm'e  is  in  excellent 
condition. 

Wheat,  which  succeeds  rye  in  the  soiling  system,  is  sown  by  the 
middle  of  October,  sometimes  as  early  as  October  1.  It  is  fed  from 
May  15  to  Jime  1,  during  which  time  about  1  acre  of  wheat  is  used. 
Clover  may  take  the  place  of  wheat  in  the  soiling  system.  Both 
wheat  and  rye  for  soiling  are  sown  very  thick  on  the  best  land,  3  or 
4  bushels  of  seed  to  the  acre.  This  is  low,  moist  land,  which  requires 
a  higher  rate  of  seeding  for  all  the  cereals  than  does  drier  land. 

Usually  by  June  1  the  pasture  has  become  so  productive  that  soil- 
ing may  be  dispensed  with  imtil  the  middle  of  July.  During  this 
month  and  a  half  the  cows  ordinarily  receive  no  feed  except  pasture 
and  what  hay  they  will  eat  (about  5  pounds  a  day  under  these  condi- 
tions). About  the  middle  of  July  soiling  begins  again,  on  peas  and 
oats  or  second-growth  clover.  These  are  cut  from  the  regular  hay 
fields  and  are  fed  for  two  or  three  weeks.  After  this  specially  sown 
fields  of  mixed  grains,  wheat,  oats  and  peas,  etc.,  are  used  for  soiling 
xmtU  about  October  1.  Beginning  June  1,  an  acre  of  these  mixtures 
is  sown  about  every  ten  days,  the  last  sowing  about  July  4.  The 
field  sown  June  1  is  fed  during  the  first  ten  days  of  August.  Four 
sowings  of  mixed  grains  with  occasional  short  periods  of  pastm'e  on 
fields  where  crops  have  been  cut  (but  never  on  the  clover  sod)  suffice 
imtil  about  October  1.  Beginning  the  middle  of  July,  an  acre  of 
barley  (White  HuU-less,  a  beardless  variety)  is  sown  about  every  ten 
days  or  two  weeks,  the  last  sowing  being  made  about  the  middle  of 
August.  Usually  two  or  three  sowings  of  barley  are  made.  This 
crop  is  ready  for  soiling  about  October  1  and  is  available  imtil  nearly 
the  middle  of  November,  when  the  winter  system  of  feeding  begins. 
Barley  sown  late  in  the  season  in  this  manner  comes  on  rapidly  at 
first,  but  its  later  stages  are  retarded  by  cool  weather  in  the  fall,  so 
that  it  remains  in  condition  suitable  for  soiling  longer  than  crops  sown 
earlier  in  the  season.  Less  soiling  is  also  required  in  the  faU,  as  a  good 
many  fields  from  which  soiling  crops  have  been  harvested  are  avail- 
able for  pasture  at  this  season,  in  addition  to  20  acres  of  very  rich 
permanent  pasture.     Barley  is  regarded  as  a  fine  soiling  crop. 

Gaps  in  this  soiling  system  are  filled  by  pasturing  fields  from  which 
the  crops  have  been  harvested.  The  hay  fields  in  the  rotation  are 
never  pastured.  Any  surplus  of  a  soiling  crop  is  made  into  hay  or 
silage. 

As  this  soiling  system  is  of  special  interest,  it  is  given  in  tabulated 
form  below. 
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S<nling  tytUmfor  dairy  cows  in  me  on  the  BUmchard/arm. 


Crop. 


Kye. 

wbeat  (or  clover) 

Pasture 

Peas  aod  oats  (or  seoond-crowth  clover) . 
ICixed  grains 

Do 

Do 

Do 

Bariev 

Do 

Do 


When  sown. 


October 

October  1  to  15. 


Spring.. 
June 1 . . 
June  12. 
June  24. 
July  4.. 
July  15., 
July  25.. 
Aug.  13. 


When  used. 


Number 

of  dars 

used. 


I 


Mayltol5 

May  16  to  31 

June  1  to  July  15 , 

July  16  to  July  SO  or  August  6.. 


August  and  September,  with 
periods  of  pasture. 

October  and  first  half  of  No- 
vember. 


15 

16 

45 

14  to  21 

61 


45 


SCANNER  OF  HABVB  STING  CEBTAIN  CBOPS. 

For  cutting  soiling  crops/silage,  and  grain  hay  Mr.  Blanchard  uses 
a  side-delivery  reaper  that  leaves  the  cut  stuflf  in  bunches  very  con- 
venient for  handling  with  a  hand  fork.  In  cloudy  weather,  soiling 
material  is  cut  twice  a  week;  in  sunny  weather,  three  times.  It  is 
immediately  loaded  upon  a  wagon  and  drawn  to  the  bam  where  it  is 
to  be  fed,  and  it  remains  on  the  wagon  until  used. 

In  curing  grain  hay  cut  in  this  manner,  a  few  hours  after  it  is  cut 
four  bunches  are  put  tc^ether  in  a  small  (X)ck.  The  next  day  these 
are  made  into  larger  cocks,  which  remain  in  the  field  until  the  hay 
is  cured. 

DATLY  ROUTINE  FOB  COWS  IN  STJIOCEB. 

A  small  feed  of  hay  is  given  early  in  the  morning.  About  8 
o'clock  the  cows  are  turned  out  to  pasture.  At  noon  they  are 
stabled  and  given  a  feed  of  green  forage.  Another  such  feed  is  given 
at  3.30  p.  m.,  and  stiU  another  at  6  p.  m.,  after  which  they  are  turned 
out  to  pasture  for  the  night.  The  quantity  given  at  each  of  these 
feeding  periods  is  governed  by  the  amount  the  cows  will  clean  up. 
In  feeding  soiling  crops  it  is  important  not  to  put  too  much  feed  be- 
fore cows  at  a  time.  After  they  have  mouthed  over  the  green  stuflf 
for  a  while  they  refuse  to  eat  it  and  call  for  fresh  material.  They 
should  be  given  only  what  they  will  eat  before  they  have  fouled  it 
too  much  to  relish  it. 

"When  the  hay  is  of  the  best  quality,  no  grain  is  fed  during  the  soil- 
ing period  (except  when  rye  is  fed)  even  to  fresh  cows,  but  if  the  hay 
is  not  the  best  a  small  quantity  of  grain  is  fed  fresh  cows  at  the 
morning  feed. 

FRESHENING  AND  DRYING  COWS. 

Three  weeks  before  a  cow  freshens,  if  this  occurs  during  the  winter 
feeding  period,  Mr.  Blanchard  begins  feeding  about  2  poimds  of  bran 
a  day.    No  shorts  are  fed  imtil  after  calving.    This  feed  is  gradually 
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increased  until  at  calving  time  the  cow  is  receiving  about  4  pounds 
of  bran  daily.  After  freshening,  the  cow's  grain  ration  is  gradually 
increased  by  adding  shorts  imtil  the  amount  fed  reaches  a  maximum 
of  8  pounds  for  the  best  cows  in  the  herd.  In  the  case  of  the  smallest 
milkers,  shorts  are  gradually  substituted  for  half  the  bran  after  the 
cow  freshens,  so  that  these  cows  get  only  4  pounds  of  bran  and  shorts 
as  a  maximum  grain  feed.  The  average  cow  in  the  herd  gets  about 
6  pounds  of  bran  and  shorts  when  in  full  flow  of  milk  in  the  winter. 

An  eflfort  is  made  to  have  each  cow  dry  from  six  to  eight  weeks  a 
year.  The  cows  are  milked  regularly  twice  a  day  up  to  within  a  week 
of  the  time  they  are  to  be  turned  dry.  They  are  then  milked  once  a 
day  for  three  or  four  days,  a  small  quantity  of  milk  being  left  in  the 
udder  each  time.  After  this  they  are  turned  out  to  pasture  and  are 
not  milked  again  until  the  next  period  of  lactation  begins. 

CABE  OF  THE  BULLS. 

The  two  bulls  are  kept  together  in  a  lot.  They  get  a  good  deal  of 
exercise  by  "scrapping''  with  each  other.  They  are  fed  much  the 
same  as  the  cows.  The  reason  for  keeping  two  bulb,  as  already 
stated,  is  that  it  affords  a  chance  to  test  the  new  one  before  an  old 
bull  of  known  merit  is  disposed  of. 

REABINa  THE  CALVES. 

The  o^vnet  of  this  farm  prefers  to  raise  fall  and  winter  calves  for 
the  dairy.  It  is  more  convenient  under  his  conditions  to  give  them 
the  attention  they  need  than  in  the  case  of  those  bom  at  other  sea- 
sons. The  calves  are  allowed  to  nurse  their  dams  only  once.  Aiter 
this  they  are  fed  their  mother's  milk  for  two  weeks.  The  first  week 
they  are  given  2  quarts  of  milk  in  the  morning,  1  quart  at  noon,  and 
2  quarts  in  the  evening.  The  second  week  they  are  given  3  quarts 
twice  a  day,  morning  and  evening.  During  the  next  two  weeks  the 
feed  of  the  calf  consists  of  half  whole  and  half  skim  milk,  with  a  pinch 
of  flaxseed  meal  (made  by  grinding  the  whole  seed)  added  to  it, 
about  1  ounce  at  a  feed.  The  quantity  of  milk  fed  during  this  period 
(the  second  two  weeks)  is  about  3  quarts  twice  a  day. 

After  the  calf  is  a  month  old  it  is  given  4  quarts  of  skim  milk  twice 
a  day  with  an  oimce  of  flaxseed  meal  and  a  handful  of  mixed  com 
meal  and  groimd  oats.  The  calf  is  taught  to  eat  this  by  putting 
the  mixture  in  the  milk  a  few  times.  Then  the  grain  is  fed  dry,  after 
the  skim  milk.  Feeding  this  dry  material  after  the  skim  milk  is 
finished  prevents  the  calves  from  sucking  each  other  when  they  are 
let  out  of  the  stanchions  in  which  they  are  fed.  The  quantity  of 
grain  is  gradually  increased  imtil  at  two  months  of  age  the  calf  is 
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recciTing  a  quart  of  the  mixture  a  day.  About  this  time  the  feeding 
of  a  small  quantity  of  roots  and  silage  begins,  and  the  calves  are 
given  all  the  hay  they  will  eat.  Milk  is  fed  until  the  calves  are  six 
months  old,  sometimes  longer.  They  have  access  to  freeh  water  at 
all  times. 

The  calves  are  fed  in  stanchions,  as  shown  in  figure  1.  These 
stanchions  are  very  convenient  and  are  easily  constructed. 

In  spring  the  calves  are  turned  out  to  pasture  in  a  small  inclosure 
made  for  their  use.  As  they  begin  to  eat  grass  freely,  they  are  fed 
less  milk,  grain,  etc.,  though,  as  previously  stated,  milk  is  fed  more 
or  less  until  the  calves  are  at  least  six  months  old.  During  the  next 
fall  and  winter  they  are  given  rations  similar  to  those  of  cows  in  milk, 
but  smaller  in  proportion  to  their  size. 

The  owner  cautions  against  breeding  heifers  too  soon.  He  says 
that  heifers  should  not  bring  calves  under  twenty-five  or  twenty-six 


no.  1.— Calf  ataDchlons.  J,  crosi  section  ihoirliigdimeiuIOQSuid  delalb  of  oonstrucUon;  S.  front  view. 
TbcsB  itaochtoDS  mm  i  ncUon  a(  a  t«Dce,  as  shown  at  ends.  Tbe  12  by  S  inch  blocks  under  the  troughs 
•n  SDpporb  tor  the  stiucture.  The  lone  tnagh  b  divided  brpaitltloDj  tnlo  IS-inch  and  Much  com- 
partinents,  alternating  with  eachothst.  TheU-Incb  campaitmeiits  are  la  front  o(  stanchions  and  lorm 
the  feeding  boxes.   Tin  ^Ineh  spaces  sie  not  utUfied. 

months  of  age,  and  thirty  months  is  better.  Make  winter  cows  of 
as  many  of  them  as  possible ;  enough  will  go  over  till  spring  anyway 
to  give  needed  cows  at  other  seasons. 

DISPOSISO  OP  THE  PBODTJCTS  OP  THE  DAEBT. 

The  only  dairy  product  sold  is  butter.  The  skim  milk  is  fed  to 
pigs  and  poultry.  In  1905,  3,120  pounds  of  butter  were  sold  on 
contract  to  one  merchant  at  26  cents  a  pound  the  year  round.  The 
merchant  has  regular  customers  for  this  butter.  An  attractive 
exhibit  recently  made  at  a  fair  in  the  market  town  considerably 
increased  the  number  of  these  customers.  Another  merchant  who 
makes  a  special  feature  of  the  brand  bought  5,460  pounds  at  cream- 
ery prices.  The  price  received  for  this  portion  of  the  product  was 
on  the  average  about  the  same  as  for  that  deUvered  on  contract. 
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About  400  pounds  were  sold  to  miscellaneous  customers  during  the 
year.  The  total  quantity  sold  during  1905  was  8,980  pounds,  which 
at  the  average  price  of  26  cents  brought  $2,334.80. 

In  addition  to  this  the  family  used  all  the  milk,  cream,  and  butter 
wanted,  probably  the  product  of  two  cows.  It  i3  fair  to  assume, 
therefore,  that  35  cows  out  of  a  total  of  37  on  hand  during  that  year 
produced  the  8,980  pounds  of  butter  sold.  This  is  at  the  rate  of  256^ 
pounds  per  cow  per  year,  as  already  stated. 

HOGS. 

Two  or  three  good  brood  sows  and  one  boar  are  kept  on  the  farm. 
The  owner  butchers  during  the  year  35  to  40  pigs,  weighing  from  150 
to  160  poimds  each,  dressed  weight.  What  meat  is  not  required  for 
home  use  is  sold  to  butchers  in  the  market  town  12  miles  away  and 
brings  7  to  8  cents  a  poimd.  There  is  no  difficulty  in  selling  all  the 
meat  produced,  and  the  same  is  true  of  all  the  products  of  this  farm. 
The  more  there  is  to  sell  the  easier  it  is  to  sell  it.  Butchering  is  done 
twice  a  year,  in  the  fall  and  in  the  spring,  when  the  pigs  are  six  months 
old.    llie  total  income  from  this  source  is  about  $400  a  year. 

MANAOEMENT  OF  PIGS. 

The  sows  farrow  twice  a  year,  in  March  and  October.  They  run 
on  good  grass  pasture  at  all  seasons.  They  share  5  acres  of  such 
pasture  with  the  calves,  horses,  and  pigs,  though  horses  and  pigs  are 
not  in  the  same  inclosure  at  the  same  time.  For  about  a  month 
before  farrowing  time  the  sows,  in  addition  to  pasture,  are  fed  roots — 
any  kind  on  hand — and  a  little  shorts  in  skim  milk.  The  first  two 
days  after  farrowing  the  sows  are  fed  very  lightly.  After  this  the 
feed  is  increased  until  in  a  few  days  they  are  receiving  1  quart  of 
shorts  three  times  a  day  and  all  the  skim  milk  they  will  eat.  They 
are  also  given  what  roots  they  want  until  pasture  becomes  abimdant. 
In  the  case  of  fall  litters  the  feeding  of  roots  continues  until  the  pigs 
are  weaned,  which  occurs  when  they  are  6  weeks  old.  After  weaning 
time  the  pigs  are  fed  three  times  a  day  all  the  shorts,  skim  milk,  and 
roots  they  will  eat  in  addition  to  pasture,  roots  being  omitted  when 
pasture  is  very  abimdant.  When  the  pigs  are  5  months  old  coarse 
com  meal  is  substituted  for  shorts.  They  are  then  confined  in  pens, 
but  are  fed  some  green  stuff  daily. 

When  not  suckling,  the  sows  depend  entirely  on  pasture,  if  it  is 
sufficient  to  keep  them  properly.  If  not,  they  are  fed  enough  shorts, 
skim  milk,  roots,  etc.,  to  keep  them  in  good  condition.  As  previously 
stated,  heavier  feeding  begins  about  a  month  before  farrowing  time. 
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POULTET. 

During  the  past  few  years  the  poultry  business  has  grown  to  equal 
the  dairy  as  a  source  of  income  on  this  farm,  and  now  actually  exceeds 
it.  Common  hens  of  no  particular  breed  were  used  at  first.  Within 
a  year  or  two  the  business  grew  to  such  proportions  that  Mrs.  Blanch- 
ard  began  to  employ  much  of  her  time  in  connection  with  it.  At  the 
present  time  the  mother  and  daughter  care  for  500  hens  and  their 
product,  while  the  father  looks  after  an  additional  200.  Poultry 
has  paid  from  the  begiiming.  As  the  boys  go  away  to  college,  the 
poultry  business  is  gradually  replacing  the  dairy,  as  the  work  is 
lighter  and  the  remuneration  greater,  especially  since  a  good  market 
has  been  obtained  for  eggs  for  hatching  purposes. 

On  this  farm  it  has  been  learned  that  well-bretl  fowls  pay  better 
than  those  of  no  particular  breeding.  It  has  also  been  learned  that 
fine  feathers  and  egg  laying  do  not  always  go  together.  The  hens 
on  this  farm  have  bc^n  bred  for  egg  production,  and  last  year  a  pen 
of  30  hens  laid  an  average  of  186  eggs  each.  There  are  probably  few 
flocks  of  hens  in  this  country  that  lay  more  eggs  on  an  average  than 
those  on  this  farm.  Some  of  the  best  hens  are  believed  to  lay  250 
eggs  a  year,  or  very  nearly  that  number.  Trap  nests  are  not  used, 
but  all  who  look  after  the  poultry  are  excellent  judges  of  egg-laying 
quaUties  as  indicated  by  form  and  other  characteristics.  Good  layers 
only  are  selected  for  the  breeding  pens. 

The  breeding  of  pure-bred  fowls  was  begun  with  the  Barred  Ply- 
mouth Rocks,  and  this  breed  is  still  the  leading  one  on  the  farm.  As 
a  market  was  built  up  for  eggs  for  hatching,  customers  began  to  call 
for  eggs  of  other  breeds.  The  most  frequent  calls,  after  Barred 
Plymouth  Rocks,  being  for  Brown  Leghorns,  that  breed  was  next 
introduced.  Others  were  selected  as  the  market  demand  for  eggs 
indicated,  so  that  now,  in  addition  to  Barred  Plymouth  Rocks  and 
Brown  Leghorns,  flocks  of  White  Plymouth  Rocks,  Black  llinorcas, 
and  White  Wyandottes  are  maintained. 

POULTRY  HOUSES. 

While  the  poultry  houses  on  this  farm  are  not  expensive,  they  are 
eminently  practical  and  have  been  designed  with  a  view  to  conven- 
ience in  management,  comfort  and  cleanhness  of  the  fowls,  and  pro- 
tection f^ainst  enemies  of  all  kinds.  There  are  no  losses  from  weasels 
or  other  small  animals,  for  these  pests  of  the  poultryman  are  com- 
pletely fenced  out  of  the  laying,  breeding,  and  brooder  houses.  The 
houses  for  the  laying  pens  cost  about  $1  per  hen.  In  one  of  the 
groups  they  are  so  well  planned  and  answer  their  purposes  so  per- 
fectly that  they  are  here  described  in  detail. 
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Figure  2  shows  the  general  plan  of  the  houses  and  runs.  The  lat- 
ter, however,  are  not  arranged  as  they  would  be  if  the  proper  space 
had  been  available,  but  they  are  drawn  as  they  actually  are  in  order 
to  illustrate  methods  of  making  runs  fit  the  available  space.  A  bufld- 
ing  128  feet  long  and  10  feet  wide  is  cut  into  eight  rooms  10  by  15 

feet  and  a  storeroom  for 
feed  8  by  10  feet.  It  will 
be  noticed  that  one  of  the 
runs  on  this  side  extends 
beyond  the  end  of  the 
building.  This  arrange- 
ment was  made  necessary 
by  the  nature  of  the  space 
available.  In  each  of  the 
eight  compartments  with 
runs  attached  30  hens  are 
kept.  The  floor  space  in 
the  building  is  5  square 
feet  for  each  hen  and  in 
the  runs  135  square  feet; 
Some  good  poultrymen  give 
each  hen  only  4  square  feet 
within  doors,  so  the  allow- 
ance in  this  respect  is 
liberal.  Even  with  135 
square  feet  of  outdoor  space 
for  each  hen  not  much  of  a 
growth  of  green  stuflF  can 
be  maintained  in  the  runs, 
the  space  being  intended 
more  for  exercise  than  for 
pasture. 

In  figure  3  is  illustrated 
the  end  of  the  building  in 
which  the  feed  room  is 
located.  Figure  4  shows 
the  front  of  one  of  the  10  by  15  foot  compartments  occupied  by  30 
hens.  The  doors.  A,  Ay  consist  of  an  inner  and  an  outer  shutter,  the 
inner  covered  with  No.  10  muslin,  the  outer  with  chicken  wire. 

Figure  5  gives  the  groxmd  plan  of  one  of  the  compartments  or  p^is. 
Dirt  floors  are  used.  The  self-feeders  and  the  drinking  pans  are 
placed  in  appropriate  openings  in  the  partitions  between  two  pens. 
The  doors  are  4  feet  wide  and  6  feet  high  and  swing  both  ways.  The 
upper  half  of  each  door  is  of  chicken  wire,  the  lower  half  of  boards. 
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Fia.  2.— Plan  o(  poultry  bulldingand  yards:  a,  Compartments 
or  pens.  10  by  15  foot,  for  30  hens  each.  There  are  8  pens  and 
the  entire  building  Is  128  feet  long.  6,  Yards  or  runs,  one 
for  each  pen.  Five  of  the  yards  are  situated  on  one  side  of 
the  building  and  three  on  the  other;  they  are ai^)roxlmat^y 
equal  in  area,    c,  Feed  room  8  by  10  feet. 
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Fia.  3.— End  view  of  feed  room  in  poultry  house. 


The  two  perches  are  on  a  level  with  each  other,  so  that  there  will  be 
no  crowding  on  the  top  perch.  They  are  placed  15  inches  above  the 
dropping  board.  Figure  6  shows  how  the  perches  are  supported. 
They  do  not  touch  the  walls 
of  the  room  at  any  point. 
This  is  important,  as  it  aids 
in  keeping  down  vermin. 
The  self-feeders  are  men- 
tioned later. 

As  shown  in  figures  6  and 
7,  the  perches  and  nest  boxes 
are  supported  entirely  by 
suspension  from  the  rafters. 
The  supporting  frame  does 
not  touch  the  walls  at  any 
point.  The  hens  enter  the 
nests  from  the  rear,  where 
the  nest  boxes  are  boarded  up  only  half  way.  The  board  on  which 
the  boxes  rest  extends  6  inches  beyond  the  boxes  at  the  rear  to 
form  a  platform  on  which  the  hens  alight  when  they  fly  up  to  the 
nests.    The  bottom  of  the  nest  boxes  is  2  feet  from  the  ground. 

The  dimensions  of 
the  various  parts 
of  the  supporting 
frame  are  shown  in 
figure  7. 

These  houses  are 
not  artificially 
heated  at  any  sea- 
son of  the  year. 
On  the  coldest 
nights  during  the 
winter  the  open- 
ings (doors,  win- 
dows, and  passage- 
way for  hens)  are 
all  closed,  the  ven- 
tilation being  entirely  through  the  muslin  doors  (fig.  4,-4)  and  the 
muslin-covered  ventilator  (fig.  4,  B).  In  cold  weather  the  fowls  must 
not  be  exposed  to  drafts. 

VERMIN. 

Vermin  (mites)  are  the  bane  of  improperly  managed  houses. 
They  conceal  themselves  on  the  imdersurface  of  the  perch,  in  the 
comers  of  nest  boxes,  under  the  dropping  board,  and  in  crevices 
wherever  convenient  to  the  roosting  places  of  the  fowls.     In  these 
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Fig.  4.— Front  view  of  a  single  compartment  of  the  poultry  house.  X ,  ^  > 
Doors  5  by  3  feet,  each  having  two  shutters,  one  opening  Inward,  cov- 
ered with  No.  10  muslin,  and  the  other  opening  outward,  covered  with 
diicken  wire;  B,  ventilator  1^  by  3  feet,  with  musUn-covered  shutter 
hinged  at  top  and  opening  Inward  so  it  can  be  propped  open;  C,  open- 
ing 8  by  10  Inches  between  pen  and  yard  for  passage  of  hens;  D,  sliding 
cover  for  (7. 
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Fio.  5.— Ground  plan  of  a  compartment  of  poultry  house. 


places  of  concealment  the  vermin  deposit  their  eggs.  Once  every 
year  every  possible  hiding  place  for  vermin  is  painted  with  a  coal- 
tar  preparation.     This  is  applied  full  strength  with  a  brush.     The 

whole  inside  of  the 
nest  boxes  is  thus 
painted.  This  treat- 
ment keeps  the  ver- 
min in  subjection. 

The  dirt  floors  of 
the  pens  are  usually 
covered  several 
inches  deep  with 
straw,  which  is 
changed  about  every 
ten  days.  In  sum- 
mer the  floors  are 
swept  clean  about  once  a  month;  in  winter,  less  often — usually 
twice  during  the  season. 

The  interior  of  these  houses  is  whitewashed  once  a  year,  a  pint  of 
disinfectant  being  added  to  each  bucket  of  whitewash.  This  aids 
in  keeping  down  vermin.  The  fact  that  the  perches  and  nest  boxes 
are  swung  from  the 
rafters  and  nowhere 
touch  the  walls  pre- 
vents mites  from 
hiding  in  crevices 
in  the  walls. 

The  owner  esti- 
mates that  with 
houses  constructed 
as  these  are  one 
man  could  take 
care    of     1,500    to 
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FiQ.  6.— Front  view  of  perches,  nest  boxes,  etc.:  a,  Perch  14  feet  long,  IS 
inches  abovo  platfonn,  and  about  20  inches  below  rafters,  and  not  toocb- 
Ing  waU  at  either  end ;  &,  hinged  sh  utter  to  cover  front  end  of  nest  boxe^ 
e,  sloping  board  to  facilitate  raking  out  dropplngsfrom  platfonn;  d,  tf,i, 
nest  boxes,  12  inches  wide,  8  inches  high,  and  10  inches  from  front  to 
back,  boarded  up  halfway  in  rear;  f,  ^ ,  supports  attached  to  raftecs. 


2,000  hens.  In  1905 
he  had  about  500 
laying  hens,  but  the 
nximber  has  increased  since  then.  At  that  time  he  hatched  1,000 
young  a  season.  Half  of  these  would  of  course  be  males.  From 
the  remaining  half  he  was  able  to  secure  enough  good  pullets  to 
replace  discarded  hens.  Only  pullets  are  used  in  the  laying  pens. 
The  best  of  these  are  retained  for  the  breeding  pens  the  next  year. 
Occasionally  a  hen  of  exceptional  merit  is  kept  in  the  breeding  pen 
during  her  third  y6ar.  A  few  of  the  best  pullets,  especially  those 
that  begin  laying  very  early,  are  put  in  the  breeding  pens  the  first 
year. 
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The  houses  here  described  are  for  laying  hens  only.  The  breeding 
pens  are  similarly  constructed,  but  are  not  so  large,  since  fewer  hens 
are  kept  together  (see  p.  38). 

INCTTBATION. 

For  the  first  nine  years  only  hens  were  used  for  hatching.  The 
Barred  Plymouth  Rocks  were  \ised  mostly  for  this  purpose,  as  this 
breed  is  more  inclined  to  broodiness  than  the  Leghorns.  The  tenth 
year  incubators  were  installed  and  were  successful  from  the  start. 
They  are  now  used  exclusively  except  when  it  is  desired  to  keep  a 
few  specially  selected  eggs  separate  or  to  start  eggs  to  refill  the  incu- 
bators when  infertile  eggs  are  tested  out. 

Eggs  are  always  gathered  in  the  evening  after  feeding  time.  Those 
from  the  breeding  pens  are  placed  in  a  basket  having  separate  com- 
partments for  each  pen.  A  record  book  is  kept  in  this  basket  and 
as  the  eggs  are  gathered  the 
number  obtained  from  each 
pen  is  recorded.  Eggs  in- 
tended for  hatching  are 
placed  in  egg  cases  in  a  room 
having  a  temperature  of 
about  55®  F.,  and  the  cases 
are  turned  every  day  so  there 
will  be  no  tendency  for  the 
yolk  to  settle  to  one  side  of 
the  e^.  Other  eggs  are  kept 
in  a  cooler  room. 

The  incubator  room  is  built 
entirely  above  ground,though 
it  is  recognized  that  a  cellar  or  half  cellar  would  be  preferable  in  a  sec- 
tion where  sudden  changes  of  temperatiu*e  are  likely  to  occur.  In  the 
vicinity  of  Puget  Sound  the  climate  is  quite  equable,  so  that  the 
above^round  structure  answers  very  well.  This  building,  however, 
is  ceiled  inside  to  protect  against  sudden  changes  of  temperature. 

The  incubators  are  started  about  January  15  to  20.  Two  days 
before  the  eggs  are  put  in,  the  machines  are  thoroughly  cleaned  and 
aired  and  the  lamps  filled  and  lighted.  This  is  necessary  to  get  the 
incubators  heated  and  regulated.  The  temperature  is  adjusted  to 
102i®  F.  Enough  incubators  are  kept  to  hold  500  eggs,  and  usually 
four  hatchings  are  made,  requiring  a  total  of  about  2,000  eggs.  The 
first  two  hatches  are  usually  from  the  heavier  breeds,  the  later  ones 
from  the  smaller  breeds,  for  the  reason  that  the  large  fowls  develop 
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more  slowly  and  by  hatching  them  earlier  the  pullets  come  to  maturity 
more  nearly  at  the  same  time  with  Leghorns  and  other  small  breeds. 

Diu'uig  the  first  two  days  in  the  incubator  the  eggs  are  left  undis- 
turbed; after  that  they  are  turned  over  twice  a  day.  On  the  sixth 
day  the  eggs  are  candled,  and  those  in  which  there  is  no  sign  of  a  devel- 
oping embryo  are  removed.  Eggs  thus  removed  are  boiled  hard  and 
used  later  as  chicken  feed,  as  described  farther  on.  When  the 
incubators  are  started,  either  a  few  hens  are  set  or  a  small  incubator 
is  filled,  and  these  ^gs  are  used  in  replacing  those  tested  out  from 
the  large  incubators.  This  is  an  economy  well  worth  while  if  facili- 
ties are  at  hand  for  it,  as  it  runs  the  large  incubators  at  their  full 
capacity.  It  costs  no  more  to  hatch  300  e^s  in  a  300-egg  incubator 
than  it  does  to  hatch  200  in  the  same  incubator. 

On  the  nineteenth  day  the  eggs  are  candled  again,  and  all  that  do 
not  show  well-developed  chicks  are  removed."  Hatching  b^ins  on 
the  twentieth  day.  At  the  end  of  the  twenty-first  day  the  egg  traya 
and  all  shells  Q,nd  other  litter  are  removed.  The  chicks  are  left  in  the 
incubators  twenty-four  hours  longer,  diu'ing  which  tSme  the  temp^a- 
ture  is  gradually  lowered  to  about  95*^  F.  They  are  then  removed  to 
the  lw:ooders  and  receive  their  first  feed  and  drink. 

PEBCENTAGE  OF  HATCH. 

From  65  to  75  chicks  from  100  eggs  is  regarded  as  a  good  hatch, 
and  80  as  extra  good  from  eggs  of  which  90  to  95  per  cent  are  fertile. 
A  number  of  chicks  die  by  the  time  the  point  of  the  bill  breaks  through 
the  shell.  They  do  not  seem  able  to  extend  the  rupture  in  the  shell 
beyond  this  point.  Some  poultrymen  attribute  this  to  inherent 
weakness  in  the  chick,  while  others  think  it  is  because  the  chick  fiUs 
the  shell  so  completely  that  it  is  unable  to  move  sufficiently  to  extend 
the  break.  It  may  sometimes  be  due  to  shells  that  are  too  strong 
for  the  chicks.  We  see  here  a  case  where  natural  selection  bears  a 
heavy  hand  on  the  unfortunate  individual  which  varies  in  such  a  way 
as  to  be  unable  to  pass  this  narrow  portal  in  the  life  of  the  chick. 

THE  BBOODEBS. 

Not  less  than  a  week  before  the  first  hatch  is  off,  the  l^ooders  are 
thoroughly  cleaned  and  then  disinfected  by  painting  all  the  wood- 
work with  a  disinfectant.  When  the  chicks  first  b^in  to  hatch, 
two  days  before  they  are  removed  to  the  brooders,  the  brooder  lamps 
are  lighted  and  so  regulated  that  the  temperature  is  about  95^  F. 
Sand  thoroughly  dried  in  an  oven  is  spread  while  yet  warm  about  an 
inch  deep  on  the  floor  of  the  brooder,  and  this  is  covered  half  an  inch 

a  This  is  contrary  to  the  rule  generally  followed,  which  forbids  the  touching  of  eggs 
in  an  incubator  after  the  eighteenth  day. 
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deep  with  fine  chaff  secured  from  the  mangers,  bam  floor,  etc.  On 
this,  under  the  hoverer,  the  brooder  thermometer  is  placed.  When 
this  stands  steadily  at  95°  F.  the  brooder  is  ready  for  the  chicks. 

In  removing  chicks  from  incubator  to  brooder  great  care  is  used 
not  to  sllow  them  to  become  chilled.  THey  are  moved  during  the 
warmest  part  of  the  day  in  a  basket  lined  with  a  warm  blanket,  part 
of  which  is  folded  over  them.  This  care  is  made  necessary  by  the 
fact  that  the  incubators  and  brooders  are  in  different  buildings. 

As  soon  as  the  chicks  are  placed  in  the  brooders,  food  and  water 
are  given  them.  For  the  first  three  days  they  are  confined  to  the 
brooders,  and  are  fed  three  times  a  day.  Only  50  are  placed  in 
iH^ooders  having  a  rated  capacity  of  100,  experience  having  shown 
that  better  results  are  secured  thereby.  At  the  end  of  the  third  day 
the  gate  is  opened  to  permit  the  chicks  to  enter  the  runway.  The 
brooders  are  so  placed  that  their  nmways  have  direct  simlight  throiigh 
the  windows  of  the  brooder  house,  as  sunlight  is  regarded  as  an 
important  agency  in  keeping  the  flock  healthy.  The  floors  of  these 
runways  are  covered  about  2  inches  deep  with  chaff. 

During  the  first  week  the  temperature  of  the  brooder  is  gradually 
reduced  imtil  at  the  end  of  the  week  it  is  90®  F.  Thereafter  the  tem- 
perature is  lowered  at  the  rate  of  5  degrees  a  week  till  it  reaches  65®  to 
70®  F.,  at  which  it  remains  as  long  as  the  chicks  stay  in  the  brooder 
house.  In  order  to  make  room  for  another  hatch  the  chicks,  by  the 
time  they  are  4  or  5  weeks  old,  are  sometimes  transferred  to  an 
adjoining  brooder  room,  where  the  temperature  is  not  so  high. 

Just  outside  the  brooder  house  are  a  number  of  small  yards,  or 
runways,  one  for  each  brooder.  After  the  chicks  we  about  6  days 
old,  if  the  weather  is  favorable,  they  are  allowed  the  freedom  of  these 
outside  yards,  which  are  kept  clean  and  are  frequently  spaded  up. 
The  young  birds  enjoy  scratching  and  dusting  themselves  in  the 
loose  dirt.  They  spend  the  nights  under  the  hoverers  of  the  brood- 
ers until  they  attain  the  age  of  5  to  8  weeks,  the  length  of  this  period 
depending  on  the  weather  and  on  the  date  of  hatching.  Early 
hatched  birds  stay  in  longest.  Six  weeks  is  about  the  average  length 
of  the  brooder  stage. 

If  the  chickens  remain  outside  the  hoverers  after  their  usual  roost- 
ing time  in  the  evening  it  is  probably  too  warm  under  the  hoverers. 
In  this  case  the  temperature  should  be  lowered.  If  they  are  inclined 
to  huddle  together  at  times  when  they  should  not  be  at  roost  they 
are  probably  too  cold.  Too  much  heat  is  considered  more  detri- 
mental than  not  enough.  In  cold,  bad  weather  the  brooders  are 
covered  with  blankets  to  insure  proper  temperature. 

At  the  end  of  the  brooder  period  the  chicks  are  removed  to  an 
ordinary  roosting  house  on  the  range. 
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FEBDING  THE  YOUNG  CHICKENS. 

For  the  first  6  days  a  commercial  chick  feed  is  used,  consisting  of 
cracked  grains,  such  as  wheat,  oats,  corn,  millet  seed,  weed  seed, 
charcoal,  grit,  egg  shells,  jmeat  scraps,  etc.  There  is  some  diflBculty 
in  getting  this  material  properly  made;  in  some  cases  it  has  con- 
tained ten  times  as  much  rock  for  grit  as  is  needed.  Part  of  this 
food  is  placed  in  shallow  saucers  and  the  remainder  scattered  among 
the  chaff.  The  chicks  are  fed  three  times  a  day  at  this  period.  When 
they  have  learned  to  scratch  for  their  food,  which  they  will  do  in 
one  or  two  days,  the  saucers  are  removed  and  all  the  food  is  thrown 
among  the  chaff.  It  is  important  that  the  young  birds  should  be 
active,  so  scratching  for  this  food  is  good  exercise.  Clean  water  is 
kept  before  them  at  all  times. 

When  the  chicks  are  let  into  the  outdoor  runs,  which  is  about  the 
sixth  day  if  the  weather  is  suitable,  skim  milk  is  added  to  the  ration. 
This  is  fed  once  a  day,  in  the  morning,  and  is  placed  in  drinking 
fountains  in  the  outside  runways.  The  quantity  of  milk  fed  is 
determined  by  what  will  be  cleaned  up  within  a  short  time,  for  it 
is  not  allowed  to  stand  in  the  fountains  all  day.  Meanwhile  the 
drinking  fountains  in  the  brooders  are  kept  supplied  with  water  and 
can  be  removed  to  the  outside  runways  when  so  desired.  At  this 
period  one  or  even  two  of  the  three  daily  feeds  of  the  commercial 
chick  feed  may  be  replaced  by  the  "johnny  cake"  described  later. 
When  the  chicks  are  about  3  weeks  old  the  commercial  feed  is  grad- 
ually replaced  by  a  mixture  consisting  one-half  of  whole  wheat,  one- 
fourth  of  cracked  com,  and  one-fourth  of  steel-cut  oats.  This  is 
thrown  in  the  litter  in  the  inside  runways,  mornings  and  evenings, 
in  quantity  a  little  less  than  the  chicks  will  eat.  In  the  middle  of 
the  day  50  chicks  receive  in  place  of  the  grain  mixture  a  piecQ  of 
homemade  bread,  called  "johnny  cake,"  about  6  inches  square  and 
2  inches  thick.  This  is  made  of  one  part  oatmeal,  two  parts  com 
meal,  a  little  whole  wheat  flour,  a  pinch  of  salt,  and  infertile  e^s 
from  the  incubators,  the  whole  mixed  with  sour  milk  and  soda. 
Prom  2  to  6  eggs  are  used  in  a  johnny  cake  18  inches  square  and  2 
inches  thick.  The  rule  is  to  feed  half  to  two-thirds  of  what  the  chicks 
will  eat  of  this  cake,  and  never  to  feed  anything  in  such  quantity 
that  portions  vdW  be  left  to  be  trampled  on  after  the  chicks  have 
lost  interest  in  it. 

In  addition  to  the  mixed  grains  and  cake,  a  small  quantity  of  some 
succulent  material  is  thrown  into  the  runways.  For  this  purpose 
grass,  apples,  carrots,  kale,  lettuce,  and  the  Uke  are  used.  Kale  is 
much  relished,  and  lettuce  is  one  of  the  best  feeds  of  this  kind.  Tlxe 
quantity  of  this  material  fed  may  be  judged  from  the  statement  that 
one  apple  or  one  leaf  of  kale  is  given  to  50  small  chicks. 
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<  CbidfiMis  wiil  BOi  s<»rateh  when  they  ftre  orerfed,  nor  when  there 
is  no  feed  in^e  litter.    The  idea  is  to  keep  them  scratching. 

The  changes  in  rations  are  made  gradually.  Disorders  s^e  easily 
caused  by  suddea  and  radical  changes  of  feed.  During  this  period 
finely  chopped  meat  or  fresh  beef  scrap  is  fed  sparingly.  The  chicks 
get  a  good  mcMiy  angle  worms  from  the  freshly  spaded  soil  in  the 
outside  runs. 

Scrupulous  cleanliness  is  observed  about  the  brooders  and  run- 
ways. Everything  is  carefully  disinfected  by  the  free  use  of  disin- 
fectants before  the  chicks  are  placed  in  their  quarters.  This  pre- 
vents  trouble  with  yermm  ami  sickness.  Any  chicks  that  do  not 
show  growth  and  activity  from  day  to  day  are  mmiediately  removed, 
thus  insuring  the  strength  and  vigor  of  the  flock. 

KAIiES  Ain>  ClTIiLS. 

About  the  time  the  chicks  are  removed  from  the  brooders,  or  as 
soon  thereafter  as  practicable,  all  the  young  males  not  wanted  as 
•  breeders  and  all  females  that  are  in  any  way  defective  are  removed 
to  the  fattening  pens.  About  one-tenth  of  the  females  are  thus  dis- 
carded. It  does  not  pay  to  make  a  specialty  of  broilers,  as  there 
19  no  good  local  market  for  them;  but  large  quantities  of  eggs  are 
sold  to  those  near  the  large  cities  who  make  a  specialty  of  raising 
broilers. 

These  surplus  birds  are  given  quarters  to  themselves,  consisting 
of  pens  with  runways  attached.  Young  chickens  do  not  thrive  if 
confined  too  closely.  The  more  range  they  have  the  better.  They 
are  fed  on  a  crumbly  mash  made  of  four  parts  of  com  meal,  two  parts 
of  middlings,  and  one  part  of  beef  scraps,  and  wet  with  warm  skim 
milk  fresh  from  the  separator.  If  the  milk  is  lacking,  water  may  be 
used.  As  much  of  this  feed  is  given  twice  a  day  as  will  be  eaten  up 
clean  quickly.  Any  refuse  food  remaining  an  hour  after  feeding 
time  is  removed  from  the  troughs. 

Selling  b^ns  about  a  week  after  the  culls  are  put  in  the  pens, 
and  the  lot  is  disposed  of  as  rapidly  as  the  market  will  take  them. 
They  usually  weigh  1  to  2  poimds  by  the  time  they  are  sold  and 
bring  25  to  50  cents  each. 

The  quarters  in  which  these  culls  and  surplus  males  are  fattened 
are  kept  as  scrupulously  clean  as  any  others.  Free  use  is  made  of 
whitewash  and  air-slaked  lime,  while  disinfectants  are  used  on  the 
perches  to  kill  any  mites  that  may  chance  to  be  present.  A  large 
dust  bath  is  provided,  and  plenty  of  grit  and  fresh  water  are  supplied. 

Before  the  young  birds  have  learned  to  roost  on  perches,  clean 
straw  is  kept  on  the  floor  of  the  roosting  room.    The  chicks  sit  on 
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this  straw  at  night.  To  prevent  crowding  in  the  comeisof  the 
room,  which  is  sure  to  occur  unless  provided  against,  the  straw  is 
piled  high  in  the  comers,  so  that  it  slopes  downward  toward  the 
center  of  the  room.  When  closing  up  the  house  at  ni^t  to  ke^ 
out  enemies,  a  few  chicks  may  be  placed  on  the  perches  which  should 
be  low  enough  to  be  reached  without  difficulty.  A  cleated  board 
slanting  from  the  floor  to  the  perch  should  be  put  up.  In  a  short 
while  the  whole  flock  will  take  to  the  perches. 

KAKAaEMENT  OF  HAIiBS  SEXEGTEB  AS  BBEEDBBS. 

Both  the  young  males  and'  the  young  females  retained  in  the 
flock  are  housed  and  taught  to  roost  as  just  described  for  those  in 
the  fattening  pens.  They  are  fed  differently,-  however,  and  are 
given  much  more  range. 

The  young  cockerels  to  be  kept  for  breeding  purposes  are  sepa- 
rated from  the  pullets  as  soon  as  th^  leave  the  brooder  houses. 
The  first  incubation  produces  usually  about  400  birds,  200  of  which 
are  males.  Of  these  males  40  to  50  are  retained  as  breeders.  Before 
the  breeding  season  begins  about  half  of  these  have  be^i  disposed 
of — the  poorest  for  meat  and  the  others  to  farmers  for  breeding 
purposed — at  from  $1  to  $2  each,  according  to  quality.  The  plan 
is  to  keep  for  home  use  15  cockerels  where  10  are  needed,  so  there 
may  be  a  reserve  on  hand. 

When  the  young  cockerels  are  removed  from  the  brooder  house 
they  are  given  a  house  out  on  free  range.  This  house  is  placed  in 
any  convenient  place  on  the  farm,  usually  out  in  some  field  not 
occupied  by  a  crop  which  the  chickens  will  injure.  It  is  moved  about 
as  convenience  requires.  A  clover  field  is  an  especially  desirable 
range.  If  the  yoimg  birds  are  shut  up  in  their  house  for  a  couple 
of  days  when  first  placed  in  it  they  will  thereafter  return  to  it  to 
roost. 

The  feeding  of  these  cockerels  while  on  the  range  is  similar  to 
that  of  the  pullets,  described  later.  The  cockerels  remain  on  range 
until  the  breeding  pens  are  made  up  in  December. 

CABE  AND  MANAaEMENT  OF  FX7LLETS. 

When  the  young  females  are  removed  from  the  brooder  houses 
they  are  divided  into  flocks  of  about  80  each  and  placed  in  small 
houses  especially  constructed  for  them.  These  houses  are  6  by  10 
feet,  and  may  be  moved  about  as  desired.  They  are  placed  in  any 
convenient  subdivision  of  the  farm,  each  pen  of  80  being  given  an 
acre  of  range.  On  an  exclusive  poultry  farm  less  space  would  be 
used,  but  space  is  abundant  here  and  the  young  chickens,  both  male 
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and  female,  are  given  considerable  range.  They  are  taught  to  roost, 
and  are  prevented  from  huddling  together  in  comers  at  night  in 
the  manner  already  described. 

Aa  in  the  case  of  the  males,  the  females  are  kept  shut  in  their 
pens  for  two  days  after  the  pens  are  located  in  the  fields.  After 
that  they  range  near  their  pens  and  return  to  them  at  night,  when 
they  are  carefully  shut  in  to  ke^  away  enemies.  Clover  range  is 
preferred  for  these  young  chickens,  but  the  houses  are  located  in  a 
pasture,  wood  lot,  or  anywhere  else  where  land  is  available.  For 
a  year  or  two  a  small  plat  of  alfalfa  on  some  high  land  near  the 
house  was  used,  and  this  proved  to  be  excellent  range.  These  pens 
are  idways  kept  away  from  the  ranges  occupied  by  laying  hens. 

The  pullets  and  cockerels  on  range  are  fed  all  they  will  eat  once  a 
day,  at  night.  The  feed  consists  of  mixed  grains  such  as  wheat, 
oats,  barley,  etc.  Skim  milk  and  water  are  given  them  freely. 
Much  care  is  used  to  keep  the  milk  vessels  clean. 

Some  of  the  most  precocious  pullets,  especially  of  the  smaller  breeds, 
begin  laying  at  about  five  months  of  age.  Some  time  before  laying 
b^ins  they  are  removed  to  the  laying  quarters,  which  have  already 
been  described  (figs.  2  to  7).  The  older  hens  have  meanwhile  been 
sold  or  transferred  to  the  breeding  pens.  After  the  pullets  are  re* 
moved  to  their  new  quarters  they  are  fed  as  if  they  were  laying  hens. 

In  each  laying  pen  30  pullets  are  placed.  These  pens  are  10  by 
15  feet,  with  runs  attached  containing  about  135  square  feet  to  the 
hen.  Careful  watch  is  kept  of  these  pullets,  as  those  which  begin 
laying  early  are  almost  invariably  the  best  layers.  Some  of  the  best 
are  later  removed  to  the  breeding  pens.  If  any  of  the  young  fem€tles 
do  not  come  up  to  the  required  standard  they  go  to  market.  No 
males  are  allowed  in  these  laying  pens,  except  in  special  cases  in 
which  some  of  the  eggs  are  to  be  used  for  hatching. 

SELECTINa  ULYBBS  Ain>  BBESDSBS. 

In  making  up  the  laying  and  breeding  pens,  the  first  consideration 
is  stamina,  if  eggs  are  wanted.  Stamina  is  not  so  important  if  the 
breeder  merely  desires  fancy  points.  On  this  farm  the  requirements 
of  fashionable  breeders  are  not  very  closely  adhered  to.  It  is  found 
impossible  to  do  so  and  to  maintain  as  high  an  average  yield  of  eggs 
as  when  less  attention  is  paid  to  fancy  points.  The  owner,  who  has 
bred  up  a  good  herd  of  special-purpose  dairy  cows  after  having  first 
failed  with  a  general-purpose  breed,  says  that  breeding  for  fancy 
points  and  egg  production  together  is  like  trying  to  breed  general- 
purpose  cows.     It  is  vastly  more  difficult  than  to  breed  for  egg  produc- 
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tion  alone.  That  he  has  succeeded  in  breeding  for  eggs  is  easily  seen 
when  a  pen  of  30  pullets  in  1905  laid  an  average  of  186  eggs  during 
the  season.  Although  not  unmindful  of  breed  requirements,  an  ex- 
ceptional layer  is  not  sacrificed  because  of  some  breed  requirement 
that  has  no  relation  to  egg  production.  Having  500  yearling  hens 
and  as  many  pullets  from  which  to  select  less  than  150  breeders,  it  is 
easy  to  secure  good  layers  sufficiently  near  to  breed  standards  to  sat- 
isfy any  reasonable  requirement. 

AGE  OF  HENS. 

Pullets  intended  for  the  laying  pens  are  hatched  between  February 
15  and  May  1.  The  larger  breeds  are  hatched  from  February  15  to 
April  1 ;  the  smaller  breeds  from  March  15  to  May  1.  Although  the 
pullets  do  not  usually  molt,  they  sometimes  partially  do  so  in  the 
fall.  This  interferes  with  laying,  as  hens  do  not  lay  well  when  molt- 
ing. Since-  the  yearling  hens  molt  in  September  and  October  it  is 
important  that  the  layers  should  be  pullets.  Two-year-old  hens  molt 
a  month  later  than  yearUngs. 

No  hens  are  kept  beyond  their  first  laying  period,  except  those  that 
are  known  to  be  excellent  layers.  A  good  pullet  usually  lays  fairly 
well  the  next  year.  The  breeding  pens  are  made  up  mostly  from 
those  yearling  hens  that  did  best  as  pullets.  If  there  is  any  shortage 
of  these,  the  most  promising  of  the  new  crop  of  pullets  are  selected. 
Only  the  most  vigorous  and  most  mature  pullets  are  used  as  breeders. 
Occasionally  a  hen  of  exceptional  merit  is  kept  as  a  breeder  the  third 
year. 

The  Blanchards  are  much  interested  in  the  question  whether  pullets 
are  bom  with  a  tendency  to  produce  a  small  or  a  large  number  of 
ovules,  and  they  beUeve  it  desirable  that  this  problem  should  be 
studied  by  competent  investigators.  If  pullets  are  all  bom  with  the 
inherited  power  of  producing  a  large  number  of  ovules,  then  proper 
care  and  management  ought  to  give  large  yields  of  eggs.  If  they 
vary  greatly  in  this  inherited  tendency,  then  no  amount  of  care  will 
make  good  layers  of  some  hens.  From  theoretical  considerations  and 
the  fact  that  different  hens  with  the  same  care  lay  widely  different  num- 
bers of  eggs,  the  writer  is  incUned  to  the  view  that  inheritance  is  highly 
important  in  the  matter  of  egg  laying.  Otherwise,  such  increase  in  egg 
production  as  has  been  secured  by  using  as  breeders  hens  of  known 
excellence  as  layers  would  not  have  occurred,  unless,  of  course,  this 
selection  simply  resulted  in  building  up  a  flock  of  good  layers  adapted 
to  the  particular  methods  of  management  used. 

An  interesting  fact  which  has  developed  in  the  experience  on  this 
farm  is  that  greatly  increased  egg  production  in  the  two  larger  breeds 
(Barred  and  White  Plymouth  Rocks)  is  accompanied  by  a  decrease 
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in  the  percentage  of  fertility  in  the  e^s.  At  the  same  time  the  num- 
ber of  chicks  that  fail  to  hatch  properly  increases.  This  is  not  the 
case  with  the  smaller  breeds  (Brown  Leghorns  and  Black  Minorcas). 
The  White  Wyandottes  are  intermediate  in  this  respect. 

EiXperience  on  this  farm  also  shows  that  some  hens  lay  no  eggs; 
others  lay  35  to  40;  some  lay  200;  and  occasionally  one  lays  as  many 
as  250  in  a  year. 

The  farmer  whose  hens  average  50  ^gs  each  can  easily  improve 
this  average  by  breeding  from  his  best,  as  has  been  dime  on  this  farm. 
Of  the  five  breeds  kept,  all  have  been  successfully  bred  for  high  ^g 
production. 

As  is  the  case  with  breeders  of  all  kinds  of  stock,  improvement  at 
first  is  easy.  But  as  a  flock  or  herd  is  built  up  to  a  high  standard 
it  becomes  increasingly  difficult  to  make  further  improvement. 
When  a  large  number  of  breeders  are  working  along  the  same  lines, 
the  problem  ia  easier.  Unfortimately,  most  poultry  breeders  who 
have  produced  flocks  of  high  excellence  have  been  breeding  for 
fashionable  points,  frequently  to  the  utter  neglect  of  ^g  production. 
The  owners  of  this  farm  have  great  difficulty  in  securing  new  breed- 
ing stock  so  as  to  avoid  too  much  inbreeding.  Their  experience 
with  stock  bought  from  prize-winning  flocks  has  often  been  very 
unsatisfactory.  On  one  occasion  four  fancy  cockerels  were  bought 
from  a  prize  winner.  Three  of  them  proved  to  be  worthless;  one  of 
them  did  not  fertilize  a  single  ^g.  On  another  occasion  two  cock- 
erels and  four  pullets  were  secured  from  the  flock  that  had  won 
more  prizes  than  any  other  on  the  Pacific  coast.  One  of  these 
cockerels  was  placed  in  a  pen  of  excellent  hens.  In  the  next  genera- 
tion the  ^g  production  was  wholly  unsatisfactory. 

The  difficulty  just  mentioned  is  not  so  great  in  the  case  of  L^homs 
as  it  is  with  other  breeds,  especiaUy  with  Plymouth  Rocks.  High 
egg  production  is  more  firmly  established  in  the  Leghorns,  and  even 
the  breeder  for  fancy  points  may  maintain  a  high  standard  of  egg 
production  in  this  breed  if  he  selects  with  sufficient  care. 

On  this  farm  fowls  are  never  inbred  more  than  one  or  two  genera- 
tions. When  inbreeding  is  practiced  at  all,  careful  watch  is  kept 
and  a  change  is  made  at  the  slightest  indication  of  need  of  it.  It 
is  often  necessary  to  inbreed  because  of  the  difficulty  of  getting  sat- 
isfactory breeding  stock  from  others.  It  has  never  been  found  satis- 
factory to  use  yoimg  males  and  young  females  of  the  same  breeding. 
It  is  considered  better  to  breed  an  old  bird  to  his  or  her  offspring. 

There  has  been  some  trouble  with  white  feathers  in  the  Minorcas 
and  L^homs,  especially  when  inbreeding  is  practiced.  These 
feathers  disappear  before  the  first  molt  and  do  not  reappear.  Such 
fowls  are  never  put  into  the  breeding  pens,  but  if  otherwise  sati&- 
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factory  they  are  used  as  layers  of  market  ^gs.  This  difficulty  in 
the  case  of  Leghorns  is  believed  to  have  originated  from  some  stock 
obtained  several  years  ago  from  a  distant  State.  There  is  some  ** 
indication  that  this  defect  is  a  recessive  Mendelian  character  which 
only  crops  out  when  both  parents  possess  the  defect,  and  then  in 
only  one-fourth  of  the  progeny.     It  has  no  effect  on  egg  production. 

There  has  been  some  difficulty  in  keeping  the  combs  of  the  Plym- 
outh Rocks  from  getting  too  large.  Some  strains  of  this  breed 
seem  to  run  to  large  combs. 

In  breeding  Plymouth  Rocks  for  layers  the  weight  has  fallen 
below  score-card  standards.  Little  attention  is  paid  to  this  point. 
The  owner  of  this  farm  thinks  the  standard  weight  of  this  breed  may 
be  important  for  the  broiler  trade,  but  not  for  ^g  producers. 

GABB  AND  KAKAaBMBNT  OF  LAYING  HBN8. 

The  pullets  and  hens  are  divided  into  two  groups,  the  larger  num- 
ber, all  pullets,  having  no  males  in  their  pens  and  are  intended  to 
supply  eggs  for  market  only.  These  are  referred  to  here  as  the 
layers.  The  other  group  is  known  as  the  breeders  and  their  pens 
are  called  the  breeding  pens.  .  The  breeders  are  chosen  from  among 
the  best  layers  of  the  preceding  year,  together  with  some  pens  of 
promising  pullets — that  is,  pullets  of  unusual  vigor  and  early  devel- 
opment, especially  those  that  begin  laying  at  an  early  age.  Occa- 
sionally a  hen  of  unusual  excellence  is  kept  in  the  breeding  pens  the 
third  year. 

By  August  all  of  the  previous  year's  breeders  except  the  occasional 
hen  of  unusual  excellence  have  been  disposed  of;  likewise  all  of  the 
preceding  year's  layers  except  those  reserved  as  breeders.  About 
this  time  the  layers  kept  over  for  breeding  purposes  are  placed  in 
the  breeding  pens  and  the  pullets  are  brought  in  from  their  ranges 
and  installed  in  the  laying  pens,  the  overflow  going  temporarily  to 
what  breeding  pens  may  be  empty. 

No  males  are  put  into  the  laying  pens  unless  it  is  desired  to  secure 
eggs  for  the  incubator  trade.  The  hens  in  these  pens  are  good 
layers,  but  are  not  so  carefully  selected  for  breed  characteristics  as 
are  those  in  the  breeding  pens.  These  eggs  are  excellent  for  broiler 
producers,  as  they  produce  vigorous  chicks.  When  using  laying 
pens  for  securing  fertile  eggs,  two  males  are  placed  with  each  pen  of 
30  hens  and  the  hens  are  handled  as  described  for  breeders. 

Hens  in  laying  pens  with  no  males  are  not  kept  in  their  runs  aa 
strictly  as  breeders  are.  When  the  weather  is  suitable  they  aro 
allowed  free  range,  after  having  been  confined  long  enough  so  that 
each  hen  will  return  to  her  own  pen  at  night.    Breeders  during  the 
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breeding  season,  which  lasts  from  December  until  June,  are  kept 
strictly  segregated  and  are  not  allowed  out  of  their  pens  and  runs. 

A  great  deal  more  care  is  required  to  get  hens  to  lay  regularly  out 
of  the  usual  laying  period,  which  is  in  la.te  winter  and  early  spring. 
By  using  pullets  only  in  the  laying  pens  the  owners  get  a  large  sup- 
ply of  market  eggs  in  the  fall  and  early  winter  when  older  hens  are 
molting  and  fresh  e^s  are  scarce  and  high  priced. 

BBOODY  HBlf 8. 

The  hens  are  carefully  shut  in  at  night  to  prevent  loss  from  owls, 
weasels,  etc.  Every  evening,  when  the  hens  are  shut  up,  a  search 
of  the  nests  is  made  for  hens  beginning  to  sit.  If  any  are  found, 
unless  they  are  needed  for  hatching  some  small  lot  of  eggs  or  for 
starting  a  few  eggs  to  refill  incubators  when  the  infertile  eggs  are 
tested  out,  they  are  put  in  a  small  separate  pen  maintained  for  this 
purpose.  This  pen  has  the  usual  runway  attached,  but  there  are  no 
nests  in  it.  It  is  highly  important  that  broody  hens,  unless  it  is 
desired  to  have  them  sit,  should  not  remain  on  the  nest  overnight. 
If  taken  in  hand  the  first  day  they  are  easily  broken  from  sitting. 
The  remedy  used  for  broodiness  is  to  put  the  hens  where  there  are 
no  nests,  and  do  this  promptly.  Late  in  the  season  hens  are  more 
persistent  about  sitting.  Older  hens  begin  laying  later  in  winter  and 
get  broody  later.  Those  that  begin  laying  early  get  broody  early, 
if  ataU. 

If  broody  hens  are  properly  fed  they  will  soon  begin  to  lay  again ; 
they  are  then  returned  to  their  proper  pens.  Plymouth  Rocks  are 
more  inclined  to  broodiness  than  Leghorns  and  Minorcas.  Late  in 
the  season,  near  the  molting  period,  even  Leghorns  are  inclined  to 
become  broody. 

FEED  OF  LAYINQ  AND  BBBBBINa  HENS. 

The  system  of  feeding  laying  hens  is  similar  to  that  for  breeders. 
The  laying  houses  are  shown  in  figures  2  to  7.  The  floors  of  these 
houses  are  usually  covered  4  to  6  inches  deep  with  straw  in  order 
that  the  hens  may  obtain  the  exercise  they  need  by  scratching  in  it 
for  their  grain.  Part  of  the  feed  is  given  in  the  hoppers  (self-feeders) 
shown  in  figure  5.  The  hoppers  are  divided  into  four  compartments, 
two  opening  into  each  room.  One  compartment  in  each  room  is 
supplied  with  a  mixture  of  one  part  ground  bone  and  three  parts  of 
oyster  shells,  which  are  bought  already  broken.  The  owner  thinks 
that  ground  fresh  bone  would  be  better  than  that  he  uses,  but  he  can 
not  conveniently  secure  the  fresh  bones  for  grinding. 

The  other  compartment  in  each  room  is  filled  with  a  dry  mash  con- 
sisting of  four  parts  of  bran,  two  parts  of  oats,  and  one  part  each  of 
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shorts  and  com  meal.  Meat  meal  is  added  to  this  mash,  the  quan- 
tity depending  on  whether  milk  is  available.  Where  skim  milk  is 
fed,  one  part  of  meat  meal  to  twenty-five  of  the  mash  is  added. 
When  skim  milk  is  not  fed  Xhe  meat  meal  is  added  at  the  rate  of  one 
part  to  ten  of  mash.  The  skim  milk  is  fed  separately,  not  in  the 
mash.  It  has  been  fomid  imwise  to  change  a  pen  of  laying  hens 
from  wet  mash  to  dry;  it  is  all  right  to  feed  dry  mash  to  layers  and 
breeders  if  it  has  been  fed  to  them  since  they  were  chicks.  Hens 
do  not  eat  rolled  barley  well,  but  eat  groimd  barley  readily. 

The  dry  mash  is  kept  before  the  hens  constantly,  a  week's  supply 
being  put  in  the  hopper  at  a  time.  In  addition  to  this,  whole  mixed 
grains,  one-half  wheat,  one-fourth  oats,  and  one-fourth  com  (less 
corn  in  warm  weather)  are  fed  once  a  day,  about  3  or  4  o'clock  in  the 
afternoon.  This  mixed  grain  is  thrown  into  the  litter  on  the  floor 
of  the  pens,  in  quantities  sufficient  to  give  the  hens  all  they  will  eat 
before  going  to  roost — usually  a  little  more  than  they  will  eat  then, 
so  that  when  they  fly  down  in  the  morning  there  is  still  left  in  the 
straw  enough  feed  to  start  them  to  scratching.  When  they  are  laying, 
hens  eat  more  than  at  other  times  and  should  be  fed  accordingly. 

Sharp  gravel,  for  grit,  is  kept  in  a  box  in  the  outside  runwajrs. 
When  skim  milk  is  available,  groimd  bone  and  meat  scraps  may  be 
dispensed  with;  otherwise  these  nitrogenous  materials  are  indis- 
pensable. In  addition  to  the  feeds  mentioned,  some  kind  of  succu- 
lent feed  is  kept  constantly  before  the  hens.  For  this  purpose 
cabbage,  kide,  mangel-wurzels,  carrots,  apples,  green  clover,  etc., 
are  utilized.  Alfalfa  or  clover  may  be  cut  fine  and  fed  in  a  box. 
Alfalfa  meal,  when  available,  may  be  added  to  the  dry  mash  to 
advantage. 

Another  system  of  feeding  is  sometimes  used  with  certain  pens. 
It  differs  from  the  preceding  as  follows:  The  dry  mash  is  omitted; 
mixed  grains,  two-thirds  oats,  one-third  wheat,  with  a  little  com 
in  very  cold  weather,  are  fed  in  the  litter  in  early  morning;  about 
4  p.  m.  a  wet  mash,  similar  in  composition  to  the  dry  mash  previously 
described,  is  given,  in  quantity  as  much  as  will  be  eaten  up  clean 
before  the  hens  cease  feeding. 

If  the  right  kind  of  feed  is  used  a  hen  that  is  laying  regularly  will 
hardly  eat  more  than  she  needs.  But  hens  that  are  not  laying,  or 
that  are  laying  at  infi*equent  intervals,  can  easily  be  overfed.  Tlie 
feeder  must  watch  carefully  and  feed  each  pen  of  hens  according  to 
their  condition  and  egg  production.  It  is  a  good  plan  to  put  in  the 
same  pen  those  that  lay  about  the  same  number  of  eggs;  the  feeding 
can  then  be  better  regulated  to  suit  the  needs  of  the  hens. 
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CliBAHINO  DAY. 

The  dropping  boards  (see  figs.  6  and  7)  are  cleaned  once  a  week. 
These  boards  are  directly  beneath  the  perches  and  are  kept  covered 
with  a  thin  layer  of  dry  dirt  and  frequently  sprinkled  with  slaked 
lime.  Beginning  at  one  end  of  the  building,  a  wheelbarrow  is  pushed 
through  the  swinging  doors  which  separate  the  pens  (the  doors  swing 
both  ways)  and  is  placed  directly  under  the  spout  (fig.  6,  c).  A  hoe 
is  used  in  removing  the  droppings. 

As  previously  stated,  the  litter  on  the  floor  is  replaced  about  every 
ten  days,  and  about  twice  during  the  winter  the  floors  are  thoroughly 
cleaned,  free  use  being  made  of  disinfectants  if  there  is  the  least  sign 
of  its  being  needed.  In  summer,  when  the  hens  are  not  closely  con- 
fined to  their  pens  and  runs,  the  litter  is  not  always  tised,  the  dirt 
floors  being  left  bare.  In  this  case  the  floors  are  thoroughly  cleaned 
once  a  month. 

KANAOBXSKT  OF  BBBBDINa  HBNS. 

About  one-fourth  of  the  flock  of  hens  is  handled  separately  from 
the  layers,  for  the  production  of  fertile  ^gs.  About  2,000  of  these 
^gs  are  incubated  on  the  farm,  the  remainder  being  used  to  supply 
a  growing  demand  for  ^gs  for  hatching.  During  the  summer,  as  the 
layers  of  the  previous  winter  are  disposed  of,  the  best  are  retained 
for  the  breeding  pens.  By  September  the  selection  of  the  most 
piomising  pullets  for  breeders  begins.  This  continues  till  about 
December  1,  at  which  time  the  selected  pullets  are  transferred  to 
the  breeding  pens,  if  this  has  not  already  been  done.  The  pullets 
are  either  transferred  to  the  breeding  pens  as  selected,  or,  if  this 
is  not  convenient,  they  are  marked  by  means  of  leg  bands.  The 
most  important  points  to  be  looked  for  in  pullets  are  stamina  and 
early  maturity.  Those  that  begin  laying  early  are  invariably  the 
best  layers.  An  experienced  poultryman  can  tell  in  advance  when 
pullets  are  about  to  begin  laying.  At  this  time  they  rapidly  assume 
their  matiure  form. 

During  the  breeding  season,  December  to  June  1,  the  breeding  hens 
are  confined  strictly  to  their  pens  and  attached  runs.  At  other  times 
they  are  handled  just  as  the  layers  are  handled.  Males  are  allowed 
with  the  hens  during  the  breeding  seasons  only.  About  the  Ist  of 
June,  or  when  the  demand  for  incubator  eggs  ceases,  the  males  are 
removed,  those  not  needed  again  being  sold,  the  best  of  the  yearlings 
being  placed  in  separate  houses  on  the  range,  away  from  the  range 
of  the  hens.  When  the  males  are  away,  the  hens  are  all  allowed  to 
range  as  freely  as  circumstances  permit,  but  are  carefully  housed  at 
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night.  Hens  soon  learn  to  return  to  the  proper  pen  at  night.  Two 
days  confinement  in  their  quarters  is  sufficient  to  teach  them  that. 

It  is  not  absolutely  necessary  to  allow  hens  the  freedom  of  a  range; 
they  may  be  kept  in  small  nms.  But  they  need  less  feed  and  require 
less  care  when  they  have  good  range. 

The  number  of  breeding  pens  of  each  breed  is  governed  by  the 
demand  for  fertile  eggs.  For  the  last  few  years  four  pens  of  Barred 
Plymouth  Bocks^  two  each  of  White  Plymouth  Bocks,  Brown  Leg- 
homs;  and  Black  Minorcas,  and  one  of  White  Wyandottes  have  been 
maintained.  The  demand  for  eggs  of  the  different  breeds  varies 
from  year  to  year,  but  the  Barred  Plymouth  Bocks  usually  lead  all 
the  others.  Eggs  sold  to  breeders  are  taken  only  from  the  carefully 
selected  hens  in  the  breeding  pens.  If  the  demand  for  eggs  from  the 
producers  of  broilers  exceeds  the  supply,  males  are  put  with  the  best 
pens  of  layers. 

While  in  the  laying  pens  30  hens  are  kept  in  a  pen,  in  the  breeding 
pens  only  one-fourth  to  one-half  this  number  are  kept  together.  Of 
the  larg^  breeds  frequently  only  8  are  kept  in  one  pen;  of  the  small- 
est, 12  to  15.  About  10  Minorcas  constitute  a  breeding  pen.  Hie 
breeding  pens  are  only  about  half  as  large  as  the  laying  pens.  Tlie 
runs  attached  to  these  pens  are  30  by  100  feet,  thus  giving  each  hen. 
200  to  375  square  feet  of  nm.  Buns  of  this  size  can  be  kept  weH 
sodded  if  given  proper  attention.  Clover  is  very  fine  for  these  runs, 
and  by  sowing  it  in  June,  when  the  hens  are  not  confined  to  the  runs, 
a  good  growth  can  be  obtained  by  the  time  they  are  confined  in  De- 
cember. 

SEIiBOnNG  THB  XAUSS. 

Some  of  the  breeding  pens  contain  yearling  hens,  others  pullets. 
Two-year-old  males  are  preferred  for  both  classes,  but  this  necessi- 
tates carrying  a  large  number  of  males  until  they  are  nearly  2  years 
old  before  they  are  used.  The  plan  on  this  farm  is  to  carry  over 
enough  of  the  cockerels  used  the  preceding  winter  with  the  mature 
hens  to  have  older  males  for  all  the  pens  of  pullets,  and  as  many  more 
as  convenient.  The  remainder  of  the  pens  of  mature  hens  are  sup- 
plied with  yoimg  males  hatched  early  the  preceding  season.  Then 
these  young  males,  or  the  best  of  them,  are  kept  over  for  the  pens  of 
pullets  the  next  season.  In  this  way  there  is  always  age  in  one  sex, 
at  least,  in  each  pen.  It  is  thus  possible  to  avoid  using  males  and 
females  from  the  same  parents.  It  is  found  safer  to  breed  older  birds 
to  their  own  offspring  than  to  breed  together  those  hatched  the  same 
season  from  the  same  lot  of  ^gs. 

The  breeding  pens  are  completely  made  up  early  in  December 
and  the  males  put  in  at  once.    One  week  later  the  testing  for  fertile 
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eggs  begms.  If  btoody  hens  are  at  hand  one  of  them  is  set  and  the 
eggs  tested  the  sixth  or  seventh  day.  If  hens  are  not  ayailable  a 
small  incubator  is  used.  Fifty  per  cent  of  fertile  eggs  at  the  first  test 
is  considered  satisfactory.  Ihe  percentage  of  fertility  increases  rap- 
idly as  the  season  adyanoes.  Plymouth  Rock  pens  that  give  eggs  50 
per  cent  fertile  one  week  after  the  males  are  put  in  the  pens  will  give 
60  to  75  per  cent  of  fertile  eggs  by  January  15.  Leghorns  and  Minorcas 
test  15  to  25  per  cent  higher  both  at  the  first  and  at  later  tests.  Some 
fertile  eggs  may  be  obtained  two  or  three  days  after  the  males  are 
added.    Fertility  should  reach  a  maYimum  in  ten  days. 

If  the  first  test  shows  low  fertility,  no  eggs  are  sold  for  hatching 
until  the  difficulty  is  remedied.  To  do  this,  males  are  changed  from 
pen  to  pen,  or  two  males,  each  on  alternate  days,  are  placed  in  a  pen. 
An  extra  supply  of  males  is  kept  for  this  purpose,  usually  half  as 
many  more  as  there  are  p^is.  Careful  watch  of  the  pens  will  reveal 
whether  the  hens  take  kindly  to  a  new  male.  If  they  do  not  a  change 
is  made.  Strong  likes  and  dislikes  appear  in  chickens  as  in  other 
bipeds.  Two  males  are  sometimes  placed  in  the  same  pen  at  the 
same  time,  provided  they  do  not  fight. 

POX7I<TBY  PBODUCrrS  KABKBTBD. 

Three  classes  of  eggs  are  sold.  First,  by  far  the  larger  proportion 
of  the  eggs  go  to  the  regular  trade.  About  half  of  these  were  for 
some  years  contracted  for  by  the  year  at  25  cents  a  dozen.  At  pres- 
ent aU  these  eggs  are  sold  at  market  prices,  as  this  pays  better  at 
prices  that  have  prevailed  for  the  past  few  years. 

The  choicest  eggs  from  the  breeding  pens  are  sold  in  sittings  of  13. 
Although  sold  as  13  per  sitting,  15  are  frequently  put  in,  on  the  theory 
that  a  satisfied  customer  is  worth  something  by  way  of  holding  and 
extending  trade.  Nearly  all  of  these  eggs  go  to  farmers;  a  few  to 
fanciers  who  need  this  vigorous  blood  to  remedy  the  defects  arising 
from  their  system  of  breeding  for  feathers. 

The  remaining  eggs  from  the  breeding  pens  are  sold  in  incubator 
clutches  of  50  to  300  or  more.  The  market  for  this  class  of  eggs 
extends  from  late  December  to  the  last  of  May. 

Three  classes  of  chicks  are  sold:  (1)  Culls  and  discarded  male 
chicks,  which  are  fattened  and  sold  as  soon  as  the  trade  will  take 
them,  usually  at  25  to  50  cents  each.  (2)  Hens  over  a  year  old,  except 
those  wanted  as  breeders;  some  of  these  are  sold  to  farmers  as  breed- 
ers, and  the  remainder  go  as  meat.  (3)  After  the  first  year  a  few 
young  cocks  are  sold  for  breeding  -pvipoaee. 
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INOOXB  FBOM  POX7I<TBY. 

For  the  year  1906  the  income  from  poultry  on  this  farm  was  as 
foUows: 

Inocymefrom  sales  of  poultry  and  eggs  for  1906. 

Eggs: 

6,090  dozen  to  the  trade,  at  25  cents $1,522 

7,600  eggs  for  hatching,  at  7  cents  each 532 

Poultry 300 

Total 2,354 

WORK  STOCK. 

The  work  stock  on  this  farm  consists  of  a  team  of  horses  and  a  team 
of  brood  mares.  One  or  two  colts  are  raised  yearly.  In  winter 
these  are  fed  timothy  hay  and  sheaf  oats  along  with  some  carrots 
and  ruta-bagas.  In  simmier  they  are  fed  mostly  soiling  crops, 
clover  and  peas  and  oats  being  used.  At  night  they  are  turned  out 
into  a  (mall  pasture.  When  a  team  is  doing  heavy  work,  in  addi- 
tion to  the  above  feeds  each  animal  receives  about  8  quarts  a  day  of 
some  kind  of  grain. 

coHGLUDnra  bemasks. 

Unfortimately  the  writer  is  unable  to  give  the  expenses  of  this 
farm.  Estimates  could  be  given,  but  they  would  be  of  Uttle  more 
value  than  knowledge  already  in  the  possession  of  every  intelligent 
farmer.  The  Office  of  Farm  Management  is  now  conducting  exten- 
sive and  careful  investigations  concerning  the  cost  of  everything  on 
a  large  niunber  of  farms.  When  these  investigations  are  completed, 
something  more  than  estimates  of  cost  can  be  given  for  such  farms 
•  as  the  one  here  described. 

Leaving  aside  the  question  of  profits,  here  is  a  farm  that  is  well- 
nigh  ideal.  The  farm  home  is  all  that  could  be  wished,  except  that 
school  faciUties,  12  miles  in  the  country,  in  the  foothills  of  the  Olym- 
pics, have  not  been  all  that  could  be  desired.  The  library  is  well 
supplied  with  agricultural  journals,  to  nearly  all  of  which  the  farmer 
and  his  estimable  wife  are  valued  contributors.  For  many  years  the 
owner  of  this  farm  was  president  of  the  State  Dairymen's  Associ- 
ation, and  he  is  a  prominent  farmers'  institute  worker  in  more  than 
one  State.  One  son  is  employed  as  a  scientist  by  the  United  States 
Department  of  Agriculture;  another  will  be  a  farmer;  the  third  has 
not  yet  selected  a  vocation,  but  likes  farming.  One  daughter  is 
teaching;  one  looks  after  the  poultry;  the  third  keeps  the  books. 
All  of  them  are  weU  groimded  in  domestic  economy. 

Here  is  a  farmer  who  has  not  lived  in  vain.  He  has  done  his  duty 
to  his  country,  and  it  is  fitting  that  the  results  of  his  labors  should 
thus  become  the  common  property  of  his  fellow-farmers. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C.j  February  19, 1909. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"  Peanuts,"  by  Mr.  W.  R.  Beattie,  Assistant  Horticulturist,  and  rec- 
ommend that  it  be  published  as  a  Farmers'  Bulletin  to  supersede  the 
former  publication  of  this  title  issued  as  Bulletin  No.  25  of  the  same 
series.  During  the  past  ten  or  twelve  years  the  piethods  of  produc- 
tion and  the  uses  of  peanuts  have  so  changed  and  increased  as  to  call 
for  the  issuance  of  a  new  bulletin. 

The  peanut  is  rapidly  becoming  an  important  farm  crop  through- 
out the  Southern  States.  Its  vines  are  valuable  as  forage  and  the 
peas  that  are  not  marketable  can  be  used  for  feeding  purposes. 
Throughout  the  boll-weevil  district  of  the  cotton  belt  the  peanut  is 
rapidly  becoming  of  importance  as  a  money  crop,  and  special  oil- 
producing  varieties  will  doubtless  assist  in  keeping  the  oil  mills  of 
the  Southern  States  supplied  with  raw  materials. 

Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau, 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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DTTEODTrCTIOir. 

It  is  not  definitely  known  when  and  where  the  peanut  was  first 
cultivated.  Several  allied  species  of  plants  are  natives  of  Brazil,  and 
there  is  every  indication  that  the  common  peanut  originally  came 
from  tropical  America.  Peanuts  were  introduced  into  the  United 
States  during  the  earlier  days  of  colonization,  but  did  not  become 
of  commercial  importance  until  about  1870.  From  that  time  until 
1897  the  growth  of  the  peanut  industry  was  gradual,  but  a  great 
increase  in  the  production  and  use  of  peanuts  has  taken  place  during 
the  last  ei^t  or  ten  years. 

Botanically  the  peanut  belongs  to  the  same  group  of  plants  as  do 
the  beans  and  peas,  but  it  possesses  the  character  of  jnaturing  its 
fruit  or  nut  beneath  the  surface  of  the  soil  rather  than  above  ground, 
as  do  most  other  leguminous  plants.  The  technical  name  of  the 
peanut  is  Arachis  hypogea^  the  name  indicating  the  characteristic 
habit  of  the  plant  to  mature  its  fruits  underground.  The  peanut  is 
known  under  the  local  names  of  "  goober,"  "  goober  pea,"  "  pindar," 
"  ground  pea,"  and  ""  groundnut."  The  names  "  goober "  and 
"  goober  pea  "  are  more  properly  applied  to  an  allied  species  having 
no  true  stem  and  only  one  pea  in  each  pod  which  has  been  introduced 
and  is  frequently  found  growing  wild  in  the  Gulf  Coast  States. 
Properly  speaking,  the  peanut  is  a  pea  rather  than  a  nut,  the  term 
"  nut "  having  been  added  on  account  of  its  flavor,  which  is  similar 
to  that  of  many  of  the  true  nuts. 

The  small  yellow  flowers  of  the  peanut  are  borne  in  the  little 
pocket  where  the  leaves  are  attached  to  the  stems,  and  as  soon  as 
pollination  has  taken  place  the  visible  portion  of  the  flower  fades 
and  falls,  after  which  the  short,  thick  stem  that  supports  the  lower 
portion  of  the  flower  elongates  and  the  sharp-pointed  ovary  is  thrust 
downward  into  the  soil,  where  the  pod  develops.  Should  the  ovary 
fail  to  reach  or  penetrate  the  soil  no  pod  will  be  formed. 

The  value  of  the  commercial  peanut  crop  of  the  United  States  for 
the  year  1908  was  estimated  at  $12,000,000.     During  recent  years 
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the  area  of  production  of  peanuts  has  greatly  increased,  especially 
throughout  the  warmer  parts  of  the  country.  The  value  of  the  pea- 
nut, both  as  a  money  crop  and  for  feeding  on  the  farm,  renders  it 
especially  desirable  as  a  part  of  the  rotation  wherever  conditions 
suitable  to  its  development  exist. 

Most  persons  think  of  the  peanut  as  it  appears  for  sale  at  the  news 
and  fruit  stands,  but  during  recent  years  many  new  lines  of  con- 
sumption have  been  found.  In  addition  to  the  great  quantity  of  pea- 
nuts sold  in  the  shell  each  year,  thousands  of  bushels  are  shelled  for 
use  in  the  manufacture  of  ponfections  and  food  products. 

It  is  the  purpose  of  this  bulletin  to  give  full  cultural  directions 
for  growing  this  crop,  together  with  some  of  the  uses  of  the  peanut. 
The  peanut  is  well  adapted  for  use  as  a  part  of  the  cropping  system 
in  the  Southern  States,  especially  on  the  cotton  and  tobacco  lands. 
Soils  that  will  not  produce  more  than  one- fourth  of  a  bale  of  cotton 
to  the  acre  can  be  made  to  yield  a  fair  crop  of  peanuts  at  a  very 
low  cost  for  growing.  Comparatively  few  persons  realize  the  value 
of  peanuts  when  used  as  a  farm  crop,  especially  when  the  product 
is  fed  to  live  stock  on  the  farm  and  eventually  returned  to  the  soil 
in  the  form  of  manure. 

son  AND  CLIMATIC  BEQITIBEMENTS  OF  THE  PEAIHTT. 

The  soil  best  suited  to  the  peanut  is  one  of  a  sandy,  loamy  nature, 
preferably  light  or  grayish  in  color  rather  than  dark.  Soils  that  are 
dark  and  those  carrying  a  considerable  percentage  of  iron  or  other 
mineral  are  likely  to  stain  the  shells  of  the  peanuts,  thus  rendering 
them  less  desirable  for  the  trade.  For  agricultural  purposes,  how- 
ever, the  staining  of  the  shells  is  of  little  consequence,  as  it  does  not 
materially  injure  them  for  stock  feeding.  In  fact,  soils  that  contain 
considerable  clay  and  lime  or  are  loamy  in  character  produce  heavier 
nuts  and  sometimes  greater  yields  than  do  lighter  soils.  As  a  rule 
the  peanut  does  best  on  a  sandy  loam  with  a  well-drained  clay  subsoil, 
but  the  crop  may  be  grown  under  a  wide  range  of  soil  conditions. 
Soils  that  become  hard  or  compact  are  not  adapted  to  peanut  grow- 
ing, owing  to  the  inability  of  the  pod  stems  or  "  pegs  "  to  penetrate 
the  surface. 

Soils  that  are  poorly  drained  or  sour  are  not  suited  to  the  peanut. 
The  ideal  soil  consists  of  a  sandy  loam  containing  a  reasonable 
amount  of  humus,  or  vegetable  matter,  together  with  an  abundance 
of  lime.  A  soil  having  a  suitable  mechanical  consistency  is  the  first 
essential.  Soils  lacking  in  fertility  can  be  improved  by  a  proper 
cropping  system  or  by  the  judicious  use  of  manures. 

The  cultivation  of  the  peanut  for  conmiercial  purposes  has  until 
recently  been  confined  chiefly  to  areas  in  Virginia,  Tennessee,  the 
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Garolinas,  and  Georgia.  During  recent  years  the  industry  has  be- 
come established  throughout  the  South  Atlantic  States  and  westward 
to  and  including  California.  The  territory  indicated  by  the  dark 
portion  of  the  map  shown  as  figure  1  is  for  the  most  part  adapted  to 
(he  production  of  peanuts  for  agricultural  purposes;  over  a  large 
part  of  this  section  a  good  grade  of  marketable  nuts  can  be  grown. 
This  area,  it  will  be  observed,  is  one  within  which  the  frost-free 
season  is  comparatively  long,  and  much  of  the  territory  has  a  soil 
containing  a  large  percentage  of  sand  or  alluvial  matter,  making  it 
easily  cultivated  and  well  adapted  to  the  peculiar  habits  of  the 
peanut  plant.  There  are  undoubtedly  many  sections  outside  of  the 
area  indicated  by  the  map  (fig.  1)  that  can  be  profitably  devoted  to 


Pio.  1. — Map  at  tbe  United  SlateB,  showing  (he  urea  adapted  to  tbe  producllon  o(  peanuta. 

the  production  of  peanuts  for  stock  food,  and  a  few  regions  where 
they  can  be  grown  commercially. 

The  climatic  requirements  of  the  peanut  are  a  long  season  without 
irost,  a  comparatively  light  rainfall  during  the  growing  period, 
abundant  sunshine,  and  a  high  temperature.  The  peanut  is  slightly 
more  susceptible  to  injury  from  frost  than  the  common  bunch  bean 
and  requires  a  somewhat  longer  season  for  its  development.  The 
Spanish  peanut  will  mature  in  ninety  days  under  the  most  favorable 
conditions,  but  one  hundred  and  ten  to  one  hundred  and  twenty  days 
should  be  allowed.  The  large-podded  varieties  require  a  longer 
period  for  best  results. 
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Time  for  plowing. — ^The  time  for  plowing  the  land  to  be  planted  to 
peanuts  will  depend  somewhat  upon  its  previous  treatment.  If  the 
..-land  has  been  in  com  the  season  before  and  a  crop  of  crimson  clover 
was  sown  at  the  time  the  com  was  laid  by,  it  will  be  desirable  to  plow 
the  land  just  before  the  clover  blooms  in  order  to  get  the  greatest 
benefit  from  it  as  a  green  manure.  If  the  land  is  in  sod  it  will  be 
desirable  to  break  it  during  autumn  or  winter.  If  there  is  no  crop 
on  the  land  the  plowing  need  only  be  done  in  time  for  planting,  or 
rather  but  a  short  time  before  planting,  in  order  to  allow  the 
soil  to  settle.    Where   a   crop   of  crimson   clover  is  turned   under, 

the  soil  should  be 
thoroughly  h  a  r  ■ 
rowed  and  rolled 
in  order  to  obtain 
a  compact  seed  bed 
and  to  retain  mois- 
ture. 

Depth  of  plow- 
ii^. — The  depth  of 
plowing  will  de- 
p  e  n  d  .somewhat 
upon  the  character 
and  depth  of  the 
surface  soil.  On 
sandy  soils  that  are 
underlaid  by  a  clay 
subsoil  it  would  be 
unwise  to  bring  a 
F;o.  2— Disk  plow  adapted  for  Btting  inod.  "^'^^    great    quan- 

tity of  the  subsoil 
to  the  surface.  If  the  surface  soil  is  not  of  sufficient  depth,  it  should 
be  increased  by  plowing  a  very  little  deeper  each  year  until  a  suffi- 
cient depth  is  reached.  As  a  general  rule  the  depth  of  plowing  for 
peanuts  should  not  be  quite  so  great  as  that  for  com  in  the  same 
locality.  From  5  to  7  inches  of  loose  soil  will  be  sufficient  for  the 
growing  of  all  varieties  of  peanuts.  Subsoiling  may  prove  beneficial 
on  soils  having  insufficient  drainage. 

Preparation  for  planting. — ^When  the  land  is  plowed  but  a  short  time 
before  planting  it  should  be  harrowed  within  a  few  hours  after 
plowing,  in  order  to  prevent  loss  of  moisture.  On  loose,  sandy  soils 
that  are  reasonably  free  from  weeds  or  grass  it  is  often  possible  to 
dispense  with  the  regular  plowing  and  cut  the  land  with  a  disk 
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harrow  or  disk  plow.  A  too!  that  is  especially  adapted  for  this  pur- 
pose is  shown  in  figure  2.  This  implement  both  cuts  and  turns  the 
soil,  leaving  it  in  fine  condition,  so  that  it  is  readily  prepared  for 
planting. 

Where  plowing  is  necessary  in  order  to  turn  under  sod,  clover,  or 
weeds  a  tool  of  the  type  shown  in  figure  3  is  desirable  for  smoothing 
and  pulverizing  the  soil  afterwards.  This  harrow  is  superior  to  the 
ordinary  smoothing  harrow  in  that  it  turns,  crushes,  and  levels  the 
soil  in  one  operation.  By  means  of  a  lever  the  cutting  blades  can  be 
set  to  any  depth,  and  the  weight  of  a  boy  or  light  man  upon  the  seat 
is  sufficient  to  secure  good  work.  If  the  soil  is  very  loose  it  may  be 
necessary  to  roll  or  drag  thoroughly  before  planting. 

Under  ordinary  circumstances  level  culture  sliould  be  practiced, 
but  where  the  drainage  is  poor  it  may  be  advisable  to  throw  up  slight 
ridges  upon  which  to  plant  peanuts;  this  is  especially  desirable  dur- 


Fla.  3,— H»rrow  adapted  (or  amoothlng  and  pul»Frtilng  land. 

ing  a  season  of  excessive  rainfall.  Wlien  ready  for  planting,  the  soil 
should  be  in  the  same  general  condition  as  that  prepared  for  a  crop  of 
snap  or  bunch  beans.  Thorough  preparation  of  the  soil  is  profitable 
for  all  crops,  and  especially  for  peanuts.  If  the  soil  can  be  har- 
rowed once  a  week  for  three  or  four  weeks  before  planting,  most  of 
the  weeds  that  would  otherwise  injure  the  crop  will  be  destroyed. 

FESTIUZEIIS  AND  FBEFABATOBY  CBOFS. 

Croppii^  syttem  and  green  manores. — Peanuts  should  be  grown  in 
rotation  with  other  crops  rather  than  as  a  specialty.  The  cropping 
sy^em  will  depend  somewhat  upon  the  area  of  otlier  crops  grown, 
but  the  arrangement  should  be  such  that  the  land  will  be  planted  to 
peanuts  one  year  in  each  three  or  four.    A  good  rotation  is  com 
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or  cotton  the  first  year  with  cowpeas  planted  between  the  rows  at  the 
time  of  the  last  cultivation ;  the  next  season  plow  under  the  remains 
of  the  cowpeas  and  plant  the  land  to  peanuts ;  as  soon  as  the  peanuts 
are  harvested  sow  the  land  with  rye  and  use  as  a  winter  pasture; 
plow  under  the  rye  during  the  springtime  and  plant  cowpeas,  using 
the  peas  as  a  hog  pasture  during  the  autumn ;  then  return  to  com  or 
cotton  the  following  year. 

Another  plan  would  be  to  devote  the  land  one  year  to  sweet  pota- 
toes instead  of  cowpeas,  or  to  a  crop  of  early  Irish  potatoes  followed 
by  cowpeas  or  crimson  clover.  In  this  rotation  stable  manure  should 
be  applied  to  the  crop  of  com  or  cotton,  and  the  commercial  ferti- 
lizers with  the  peanut  and  potato  crops.  Peanuts  should  invariably 
follow  some  well-cultivated  crop  which  has  been  kept  free  from 
weeds. 

The  use  of  stable  manure. — Stable  or  barnyard  manure  should  not 
be  used  as  a  fertilizer  the  same  year  that  the  land  is  planted  to 
peanuts  owing  to  the  great  number  of  weed  seeds  that  are  contained 
in  the  manure.  •  The  use  of  manure  also  has  a  tendency  to  cause  the 
plants  to  produce  abnormal  tops  and  a  large  percentage  of  poorly 
filled  pods,  known  to  the  trade  as  "  saps  "  or  "  pops."  The  proper 
time  for  applying  stable  manure  is  with  the  crop  grown  the  previous 
season,  thus  giving  it  time  to  become  incorporated  with  the  soil  and 
reduced  to  the  proper  condition  for  the  peanut  crop.     \ 

Commercial  fertilizers. — The  peanut  responds  to  the  use  of  commer- 
cial fertilizers.  .However,  a  reasonable  amount  of  humus  in  the 
soil  is  essential.  If  properly  handled,  the  peanut  crop  is  not  ex- 
haustive of  soil  fertility;  in  fact,  the  plant  is  a  great  nitrogen  gath- 
erer, as  may  be  observed  by  the  large  number  of  nodules  upon  the 
roots.  On  the  other  hand,  if  the  entire  plant,  including  the  root,  is 
removed  and  no  part  returned  to  the  soil  the  peanut  becomes  almost 
as  exhaustive  of  soil  fertility  as  cotton  or  corn.  By  feeding  the  straw 
and  other  refuse  from  the  crop  to  cattle,  hogs,  and  work  animals  and 
applying  the  manure  thus  obtained  to  the  land  the  fertility  may  be 
retained  or  even  increased. 

On  soils  that  are  adapted  to  the  production  of  peanuts  it  will  not 
be  necessary  to  employ  commercial  fertilizers  in  large  quantities. 
Soils  abundantly  supplied  with  nitrogenous  matter  will,  especially 
during  a  rainy  season,  produce  an  overgrowth  of  vine  and  poorly 
filled  pods. 

A  commercial  fertilizer  adapted  to  the  production  of  either  Irish 
or  sweet  potatoes  is  as  a  rule  suited  for  the  growing  of  peanuts.  A 
mixture  which  contains  from  2  to  4  per  cent  of  available  nitrogen, 
5  to  7  per  cent  of  available  phosphoric  acid,  and  6  to  10  per  cent  of 
potash  is  desirable ;  this  should  be  applied  at  the  rate  of  from  200  to 

866 
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1,000  pounds  to  the  acre,  according  to  the  needs  of  the  land.  Most 
growers  follow  the  practice  of  scattering  the  fertilizer  in  a  narrow 
strip  where  the  row  is  to  be  planted,  but  for  the  general  good  of  the 
land  it  is  a  better  plan  to  sow  or  drill  the  fertilizer  broadcast.  In 
aU  cases  it  is  important  that  the  fertilizer  be  thoroughly  mixed  with 
the  soil. 

Importance  of  lime  in  the  soil. — ^In  order  to  insure  the  proper  filling 
and  ripening  of  the  pods,  peanuts  require  an  abundance  of  lime  in 
the  soil.  Where  the  soil  is  of  a  calcareous  nature,  containing  lime- 
stone, shells,  or  lime  in  its  more  active  form,  it  may  not  be  necessary 
to  make  a  r^ular  application,  but  on  soils  that  are  deficient  in  lime 
or  inclined  to  be  in  the  least  sour,  from  1,000  to  2,000  pounds  of 
fresh-burned  lime  should  be  applied  to  an  acre  every  four  or  five 
years.  The  lime  should  not  be  put  on  at  the  same  time  as  the 
commercial  fertilizers,  but  rather  during  the  previous  autumn,  or  at 
the  tune  of  plowing  the  land.  Wood  ashes  are  desirable  as  a  ferti- 
lizer for  peanuts,  as  they  contain  both  potash  and  lime.  Unleached 
wood  ashes  may  be  applied  broadcast  at  the  rate  of  1,000  to  1,200 
pounds,  25  to  30  bushels,  to  the  acre. 

The  presence  on  the  land  of  certain  weeds,  such  as  the  common 
sorrel  and  the  sedges  (which  have  three-cornered  stems),  indicates 
sourness  and  insufficient  drainage;  to  correct  this  an  application  of 
lime  will  be  necessary  in  addition  to  ditching  or  tile  draining.  Lime 
should  be  used  on  land  that  is  to  be  planted  to  peanuts,  unless  it  is 
definitely  known  that  there  is  an  abundance  of  it  already  present. 

The  peanut  as  a  nitrogen  gatherer. — ^The  peanut  plant,  in  common 
with  other  leguminous  plants,  has  the  power  of  collecting  the  free 
nitrogen  of  the  atmosphere  and  storing  it  in  little  nodules  upon  its 
roots.  For  this  reason  the  peanut  is  one  of  the  more  desirable  of 
our  soil-renovating  and  soil-improving  plants.  It  should  be  borne 
in  mind,  however,  that  in  order  to  benefit  the  soil  the  nitrogen  so 
gathered  should  not  be  removed,  but  that  the  main  portion  of  the 
roots  should  be  left  in  the  soil.  Figure  4  shows  the  root  of  a  peanut 
plant  which  is  abundantly  covered  with  the  nitrogen-storing  nodules. 

THE  SEED  AND  ITS  SELECTION. 

Importance  of  planting  good  seed. — A  good  grade  of  seed  is  just  as 
important  with  the  peanut  as  with  com,  wheat,  or  any  other  crop. 
There  is  perhaps  no  other  farm  crop  except  com  that  is  so  greatly 
influenced  by  the  character  of  seed  planted  as  the  peanut.  The  very 
best  peanuts  of  the  previous  season^s  crop  should  be  selected  for  seed, 
and  of  these  only  the  most  mature  and  perfect  peas  should  be  used. 
Seed  should  be  saved  only  from  well-ripened  and  mature  plants  and 
should  be  properly  cured  and  kept  dry  during  the  winter  months. 

356 
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Grood  seed  produces  a  more  even  stand  of  plants,  which  in  itself 
returns  a  greater  yield. 

ImproTement  by  selection. — ^The  seed  should  not  only  be  selected 
from  plants  that  are  mature,  but  from  those  producing  a  large  num- 
ber of  mature  pods  as  well.  By  doubling  the  number  of  well-filled 
pods  on  each  plant  the  yield  for  each  acre  will  also  be  doubled. 
Many  millions  of  bushels  have  been  added  to  the  corn  crop  of  the 
country  simply  through  the  selection  and  improvement  of  seed. 

What  has  been  done  with  com  is  possible  with  the  peanut,  and 
where  we  now  have  an  average  yield  of  34  bushels  to  the  acre  it  is 
reasonable  to  expect  this  to  be  increased  to  50  or  60  bushels  through 
seed  and  cultural  improvements. 

Planting  shelled  or  whole  seed. — In  planting  the  large-pod  varieties 
it  is  desirable  for  several  reasons  that  the  seed  be  shelled.  In  the 
first  place  the  planting  machines  now  in  general  use  are  adapted  to 
handling  the  shelled  seed  only.  Second,  when  planting  whole  pods 
there  is  always  a  doubt  regarding  their  being  well  filled,  and  a  poor 
stand  may  result.  Third,  pods  containing  two  or  more  seeds  will 
produce  more  than  one  plant  in  a  hill,  causing  a  waste  of  seed  and  a 
crowding  together  of  the  plants.  Fourth,  whole  seed  is  slower  in 
germinating  than  shelled  seed.  With  the  Spanish  variety  the  case 
is  quite  different,  as  several  of  the  machines  will  handle  the  whole 
nuts,  the  pods  are  invariably  filled,  the  crowding  together  of  the 
plants  is  no  great  disadvantage,  and  the  few  days  extra  time  re- 
quired for  germination  is  of  little  consequence. 

Virginia  nuts  intended  for  seed  should  always  be  shelled  by  hand, 
but  the  Spanish  are  sometimes  shelled  by  machinery,  although  their 
germination  is.  in  variably  injured  when  so  handled.  Many  growers 
of  the  Spanish  peanut  practice  soaking  the  unshelled  nuts  in  water 
previous  to  planting.  Soaking  for  a  few  hours  will  hasten  germi- 
nation, but  if  for  any  reason  the  seed  can  not  be  planted  immediately 
it  will  be  lost.     Shelled  seed  should  never  be  soaked  before  planting. 

TIME  aud  methods  of  planting. 

The  time  for  planting  peanuts  is  in  the  spring  after  the  soil  has 
become  thoroughly  warm.  In  order  to  secure  a  good  stand,  the  seed 
should  not  be  put  in  the  ground  until  there  is  sufficient  warmth  to 
gerbiinate  it  quickly.  As  a  rule  peanuts  should  be  planted  a  trifle 
later  than  com  and  beans.  The  Spanish  variety  may  be  planted 
somewhat  later  than  the  Virginia  type,  as  it  requires  less  time  to  com- 
plete its  growth. 

Distance  to  plant. — A  common  distance  between  rows  is  36  inches, 
but  this  varies  somewhat  according  to  the  soil  and  variety.  For  the 
Virginia  Runner  variety  on  good  soil  the  distance  between  rows 
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should  be  at  least  36  inches,  and  12  inches  between  the  plants  in  the 
rows.  Virginia  Bunch  peanuts  may  be  in  rows  as  close  together  as 
30  inches,  and  7  to  9  inches  apart  in  the  rows.  The  Spanish  and  Ten- 
nessee Eed  varieties  are  planted  in  rows  from  28  to  36  inches  apart 
and  7  to  9  inches  apart  in  the  rows  according  to  the  fertility  of  the 
soil.  On  rich  soils,  where  the  spread  of  vine  will  be  great,  the  maxi- 
mum distance  between  rows  as  well  as  between  plants  in  the  row 
should  be  allowed. 

Quantity  of  Reed  required. — ^The  quantity  of  seed  peanuts  required  to 
plant  an  acre  will  depend  somewhat  upon  the  distances  of  planting. 


Fio.   S. — llacblue  for  marklog  land  and  sowing  fertlllier. 

As  a  rule  one-half  bushel  of  shelled  Virginia  peas  will  plant  an 
acre.  One  and  one-half  pecks  of  shelled  Spanish  peanuts,  or  2 
bushels  in  the  pods,  are  required  for  an  acre.  The  greater  the  care 
exercised  in  planting,  the  smaller  will  be  the  waste  of  seed,  and 
economy  is  quite  an  object  when  planting  specially  selected  or  high- 
priced  seed. 

Depth  to  ooTcr  the  seed. — The  depth  to  which  the  seed  should  be 
covered  will  depend  somewhat  upon  the  character  of  the  soil.  On 
heavy  soils  three-fourths  inch  to  H  inches  will  be  sufficient,  while  on 
light  sandy  soils  1^  to  2  inches  may  not  be  too  deep. 
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Tools  and  methods  of  plantii^. — Peanuts  are  generally  planted  in 
rows  that  are  cultivated  in  one  direction  only.  Some  growers  follow 
the  practice  of  first  marking  the  land  with  an  implement  similar  to 
the  ordinary  com  marker.  Others  open  a  furrow  with  a  one-horse 
plow,  then  after  the  fertilizer  has  been  distributed  in  the  furrow 
the  plow  is  again  used  and  a  slight  ridge  thrown  up.  There  is  now 
'  on  the  market  a  tool  of  the  type  shown  in  figure  ii,  which  sows  the 
fertilizer,  throws  up  a  slight  ridge,  and  at  the  same  time  indicates  the 
ftosition  of  (lie  next  row.  If  desired,  this  machine  can  be  supplied 
with  a  seeding  device,  which  will  complete  the  planting  at  one 
operation. 


Fig.  6. — Ooe-borae  peanut  planter. 

The  greater  portion  of  the  peanut  crop  is  planted  with  the  caie- 
horse  planters  of  the  tyi>©  shown  in  figure  6.  These  machines  are 
similar  in  many  respects  to  a  cotton  planter;  in  fact,  a  cotton  planter 
may  be  adapted  to  planting  either  the  whole  Spanish  or  the  slietled 
Tirginia  peanuts  with  very  little  trouble  or  expense.  The  ordinary 
peanut  planter  costs  in  the  neighborhood  of  $15  in  most  localities. 

OEREKAI  CULTIVATION. 

Kethod  of  oaltiTatiotL — Cultivation  of  the  peanut  crop  should  begin 
as  soon  as  the  rows  can  be  followed  and  continue  until  the  vines  begin 
to  occupy  the  ground.  The  work  of  cultivation  should  be  pursued 
Tery  much  the  same  as  for  com,  beans,  and  all  similar  crops.  Fre- 
quent shallow  cultivation  that  will  keep  the  soil  loose  and  prevent  the 
7681S— BoU.  366-<l9 3 
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loss  of  moisture  is  essential.  Shortly  after  rains  the  surface  soil 
should  be  stirred  and  during  dry  weather  a  dust  mulch  maintained. 
After  the  first  cultivation  it  will  be  desirable  to  work  the  soil  toward 
the  rows  to  provide  a  bed  of  loose  earth  in  which  the  pods  may  form. 
After  the  peanuts  begin  to  "  peg,"  or  form  pods,  they  should  not 
be  disturbed  or  given  further  cultivation.  The  old  idea  that  the 
blossoms  of  the  peanut  must  be  covered  is  erroneous,  altiiough  grow- 
ers frequently  allow  considerable  soil  to  be  thrown  over  the  vines 
during  the  final  cultivation.  For  the  last  cultivation  it  is  a  common 
practice  to  employ  a  tool  that  will  both  throw  the  soil  toward  the 
rows  and  leave  a  furrow  in  the  middle  of  the  alley  to  carry  off  water 
during  heavy  rains. 

Common  crab-grass  is  one  of  the  most  troublesome  weeds  of  the 
peanut  fields  and  it  is  often  necessary  to  resort  to  hand  hoeing  in 
order  to  keep  this  and  other  weeds  out  of  the  rows.    If  the  crop  is 

kept  well  worked 
with  horse  tools, 
r^  very  little  hand 
labor  will  be  re- 
quired. 

Tools   adapted    to 
ODltivating  pea- 
nuts.—  Most  imple- 
il\        ments  that   are 
,  (1 U       adapted  to  the  culti- 
vation   of   com    or 
cotton  will  be  found 
F,a.  T.-one-ho^e  cultivator.  suitable    for    han- 

dling the  peanut 
crop.  For  the  first  two  or  three  cultivations  a  spring-tooth  riding 
cultivator  is  desirable,  while  for  the  later  workings  the  same  imple- 
ment can  be  used  by  changing  the  spring  teeth  for  regular  cultivator 
shovels.  For  one-horse  cultivation  the  ordinarj-  cotton  sweep  is  fre- 
quently used,  but  tlie  form  of  cultivator  shown  in  figure  7  will  do 
more  efficient  work.  This  implement  is  provided  with  several  styles 
of  narrow  and  broad  shovels,  sweeps,  and  hillers,  making  it  adaptable 
to  a  groat  many  changes  and  suited  to  a  wide  range  of  conditions. 

Some  growers  follow  the  practice  of  running  a  light  roller  over 
the  plants  after  the  final  cultivation,  the  object  being  to  flatten  the 
stems  upon  tlie  ground  in  order  that  the  little  pods  forming  on  the 
extremities  of  the  stems  may  reach  tlie  soil.  This  practice  may  in- 
crease the  yield,  but  it  will  also  increase  the  percentage  of  "saps,"' 
or  unfilled  pods,  and  it  is  doubtful  if  anything  is  gained  by  the 
practice. 
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HABVESTINO. 

Proper  time  for  digging  the  crop. — No  fixed  rule  can  be  given  by 
which  to  determine  when  to  remove  the  peanut  crop  from  the  ground, 
and  each  grower  must  be  his  own  judge  in  the  matter.  In  general 
practice  the  growers  aim  to  dig  before  the  first  frosts,  in  order  that 
the  i)eanut  vines  may  have  greater  value  for  stock  food.  To  the 
southward,  where  frosts  do  not  appear  until  quite  late,  the  vines 
assume  a  yellowish  appearance  during  the  latter  part  of  the  season, 
which  indicates  the  ripening  of  the  peas.  If  digging  is  deferred  too 
long,  the  first-formed  peas  are  likely  to  burst  their  shells  and  start 
growing;  this  is  especially  true  if  there  is  a  period  of  rainy  weather 
late  in  the  season.  The  aim  should  be  to  dig  at  the  time  the  vines 
have  upon  them  the  greatest  number  of  mature  peas.  Where  a  large 
acreage  is  grown  it  will  be  necessary  to  begin  harvesting  as  soon  as 
the  earliest  peas  are  ready,  in  order  to  c(Mnplete  the  work  before 
unfavorable  weather  sets  in. 

Methods  employed  for  lifting  the  plants. — ^Under  ordinary  circum- 
stances the  peanut  vines  are  plowed  from  the  ground  with  a  one-horse 
turning  plow  and 
afterwards  s  e  p  a  - 
rated  from  the  soil 
by  hand.  Many 
growers  employ 
either  a  two-horse 
plow  similar  to 
that  frequently 
used  for  diffginff 

^    ,  oo     o  Pjq  g — Pl^^  ^yp^  ^j  peanut  digger. 

potatoes  or  a  turn- 
ing plow  with  the  mold-board  removed  to  prevent  a  furrow  being 
turned.  A  digger  of  this  type  is  shown  in  figure  8.  Behind  the  dig- 
ger or  plow  a  gang  of  workmen  shake  the  vines  and  peas  free  from 
the  soil  and  throw  them  in  small  bunches.  In  this  manner  a  team 
and  driver  accompanied  by  eight  or  ten  hands  will  dig  from  5  to  7 
acres  a  day  at  a  cost  of  about  $2.50  an  acre. 

It  has  been  found  by  experiment  that  the  regular  machine  potato 
digger  drawn  by  two  or  three  horses  driven  by  one  man  will  dig  from 
8  to  12  acres  a  day  and  do  the  work  in  a  much  cleaner  and  better 
manner  than  the  old  plow  and  hand  method.  This  machine  not  only 
removes  the  peanuts  from  the  ground  in  a  more  perfect  manner  but 
also  shakes  off  the  soil  and  leaves  the  vines  lying  loosely  upon  the 
surface  of  the  ground.  By  the  hand  method  a  great  many  pods 
become  detached  from  the  vines,  while  with  the  machine  potato  digger 
scarcely  a  pod  is  lost.    A  machine  of  this  character  in  operation  is 
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shown  in  figure,  d.  Another  machine  slightly  different  in  design  is 
shown  in  figure  10. 

The  cost  of  a  machine  potato  digger  is  about  $100,  but  with  proper 
care  it  should  last  many  years ;  besides,  one  machine  would  do  the 
work  for  two  or  more  growers.  Almost  any  of  the  machine  potato 
diggers  may  be  used  for  digging  peanuts,  but  where  the  vines  of  the 
"  runner  "  peas  are  exceptionally  heavy  there  may  be  aome  difficulty 
in  getting  the  vines  through  the  machine.  This  difficulty  may  be 
overcome  by  providing  disks  or  cutters  to  cut  away  the  ends  of  the 
vines  in  front  of  the  machine. 

Special  machines  are  now  being  offered  which  are  intended  to 
dig,  clean,  and  bunch  the  peanuts.     By  setting  any  of  these  machines 


Fig.  Q.^MachlDe  potnio  di^er  la  uae  la  digging  peoDUts. 

to  the  proper  depth  it  is  possible  to  sever  the  main  root  of  the  peanut 
just  below  where  the  pods  are  formed  and  thus  leave  considerable 
.of  the  accumulated  nitrogen  in  the  soil.  It  is  estimated  that  the 
nitrogen  left  in  the  soil  by  this  system  has  a  fertilizing  value  of  from 
$3  to  ^  an  acre. 

Cnri]ig  pnceu  and  care  of  crop  after  digging. — After  the  peanut  vines 
are  loosened  from  the  soil  they  are  allowed  to  lie  either  spread 
upon  the  ground  or  in  small  bunches  for  three  or  four  hours,  and 
are  then  placed  in  small  stacks  around  a  central  stake  to  cure.  If 
the  peas  are  allowed  to  lie  exposed  to  the  weather  for  any  length 
of  time  after  digging,  the  pods  become  discolored  and  lose  in  weight. 
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A  better  grade  of  peanut  hay  will  be  secured  if  the  vines  are 
placed  in  the  small  stacks  as  soon  as  the  leaves  and  stems  are  thor- 
oughly free  fnun  dew  or  other  surface  moisture.  Most  growers 
follow  the  practice  of  putting  the  peas  in  shock  the  same  day  they 
are  removed  from  the  soil,  or  those  dug  during  the  muning  are 
stacked  in  the  afternoon  and  those  dug  later  in  the  day  are  stacked 
the  following  morning  as  soon  as  they  are  free  from  dew ;  however, 
any  dew  or  rain  will  discolor  the  pods. 

The  essentials  in  caring'for  the  crop  during  the  curing  period  are 
that  the  peanuts  be  kept  in  small  stacks,  given  an  abundance  of  air, 
and  protected  from  both  the  weather  and  injury  from  animals. 
Owing  to  the  fleshy  nature  of  the  stems  they  cure  quite  slowly  and 
are  liable  to  mildew  if  placed  in  large  lots. 


FlO.  10. — Machine  potato  digger  adapted  for  harvestlag  peaniita. 

In  order  to  produce  a  good  grade  of  peanuts  for  the  market  it  is 
necessary  to  cure  them  in  small  stacks  biiilt  around  a  central  stake 
or  pole.  The  supply  of  stakes  should  be  ready  in  advance  and  may 
be  kept  for  use  from  year  to  year.  These  stakes  should  consist  of 
split  or  round  poles  about  3  or  4  inches  in  diameter,  7  feet  in  length, 
and  sharpened  at  both  ends.  For  setting  the  stakes  in  the  ground  a 
pointed  bar  of  iron  or  a  crowbar  with  which  to  make  the  holes  is 
necessary.  The  stakes  should  be  set  in  the  ground  to  a  depth  of  12  to 
18  inches  and  well  tamped  to  make  them  firm  and  solid. 

Before  starting  the  shock  one  or  two  pieces  of  lath  are  nailed  across 
the  stake  a  few  inches  from  the  ground,  in  order  to  prevent  the  pea- 


nuts  coming  in  direct  contact  with  the  soil.  In  starting  to  build  the 
shock  a  few  vines  are  laid  across  the  pieces  of  lath  and  the  shock 
then  built  up  by  successive  layers  of  vines,  the  pods  being  kept  well 
to  the  center  and  the  tops  to  the  outside.  The  st«ms  should  have 
sufficient  outward  slope  to  shed  water.  Occasionally  a  few  vines 
should  be  hung  around  the  stake  in  order  to  tie  the  shock  together. 
By  this  method  the  pods  will  be  near  the  center  and  around  the 
pole,  where  there  is  an  upward  circulation  of  air  and  general  pro- 
tection. When  the  shock  has  reached  the  desired  height,  a  bunch  of 
vines  is  rolled  together  and  pressed  down  over  the  point  of  the  stake 
to  form  a  top,  or  a  little  grass  or  weeds  may  be  used  for  this  purpose. 


Kio,  11. — Stakes  around  wblcb  abocks  o(  peanut  vines  are  to  be  built. 

The  majority  of  growers  follow  the  practice  of  placing  the  shocks 
singly  in  rows  in  the  field  where  the  crop  is  grown ;  others  arrange 
them  in  groups  of  from  four  to  ten,  while  some  growers  haul  the 
crop  to  a  stacking  yard,  where  the  shocks  are  built  closely  together. 
Figure  11  shows  stakes  set  in  the  ground  and  crosspieces  nailed  on. 
Figure  12  shows  a  shock  during  construction,  as  well  as  completed 
shocks  in  the  background.  Figure  13  shows  the  method  of  stacking 
closely  together. 

Storage  in  barns  is  not  advisable  when  curing  peanuts  for  mar- 
ket, but  where  the  entire  plant  is  fed  to  stock  the  crop  may  be  handled 
in  much  the  same  manner  as  cowpeas,  velvet  beans,  or  a  heavy  growth 
of  clover. 
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FICEIHa  Am)  CLEABIKG. 

Peanuts  for  market  should  be  cured  in  the  shock  at  least  three  or 
four  weeks  before  picking.  If  the  weather  is  dry  and  windy  im- 
mediately after  harvesting,  the  curing  process  will  be  quite  rapid,  but 
should  the  weather  conditions  be  unfavorable  during  this  period  the 
pods  will  ripen  more  slowly.  Too  rapid  curing  is  not  desirable,  as 
the  pods  are  likely  to  shrirel  and  discolor.  Peanuts  should  not  be 
picked  from  the  vines  until  the  pods  have  become  dry  and  the  peas 
firm  and  nutty,  with  the  immature  ones  more  or  less  shrunken.  As 
a  rule  very  little  is  to  be  gained  by  early  marketing,  and  a  better 


grade  of  peanuts  will  be  secured  if  picking  is  deferred  until  late 
autumn.  If  the  pods  are  not  well  protected  in  stacking,  many  will 
be  destroyed  by  the  common  blackbird.  In  some  sections  it  is  neces- 
sary to  pick  as  early  as  possible  to  prevent  heavy  loss  from  the 
ravages  of  field  mice  and  rats  while  the  peanuts  are  in  the  shock. 

If  peanuts  are  not  well  stacked  the  potls  are  liable  to  become  dis- 
colored by  the  heavy  fogs  and  driving  rains  of  late  autumn.  The 
stacks  should  not  be  opened  or  the  vines  handled  during  wet  weather. 

Picking  by  hand. — ^The  standard  of  excellence  in  the  peanut  markets 
is  always  based  upon  hand-picked  stock.     Peanuts  that  are  picked 
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by  hand  now  bring  a  higher  price  than  those  picked  by  machinery, 
but  with  the  present  scarcity  of  labor  and  rapid  improvement  in 
peanut -picking  machinery  the  time  will  soon  come  when  a  uniform 
price  will  be  paid  for  a  given  quality  of  peas  regardless  of  how  the 
picking  is  done. 

Figure  14  shows  a  characteristic  group  of  pickers  at  work  in  a 
peanut  field  of  southern  Virginia.  Hand  picking  is  at  best  a  dusty 
and  laborious  task  and  is  usually  done  by  the  women  and  children. 
Where  the  vines  are  well  set  with  pods  a  good  picker  will  handle 
from  8  to  12  bushels  a  day.  The  price  paid  per  bushel  for  picking 
varies  from  8  to  20  cents,  according  to  the  quality  and  variety  of 
peanut,  but  10  cents  is  the  ruling  price  paid  for  picking  Virginias. 


Fig.  13. — Peanut  ihocks  placed  close  together  near  tanafanL 

In  some  localities  the  pickers  are  paid  by  the  hundred  pounds,  40 
cents  a  hundred  being  the  average  price  paid.  At  this  rate  the  cf)st 
of  picking  the  peanuts  grown  on  one  acre  will  vary  from  $4  to  $8. 
Vat  of  maohines  for  pickiiig. — Two  types  of  machines  have  been 
employed  for  picking  peanuts  from  the  vines,  and  most  of  the  work 
done  by  them  has  been  quit«  satisfactory,  A  cylinder  machine  simi- 
lar to  a  regular  grain  separator  except  as  to  size  has  been  used  for 
several  years,  especially  in  the  districts  where  the  Spanish  variety 
is  extensively  grown.  The  principal  objection  to  all  the  cylinder 
machines  is  the  tendency  to  break  the  pods  and  both  sheU  and  injure 
the  peas.  By  running  the  cylinder  quite  slowly,  say  at  400  revolutions 
a  minute,  and  feeding  properly  it  is  possible  to  thrash  peanuts  by 
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using  a  cylinder  machine  with  a.  very  small  percentage  of  loss  from 
breakage.  Pods  that  are  merely  cracked  or  that  have  what  the  grow- 
ers term  "  oyster  mouths  "  will  not  keep  for  a  long  period  but  become 
rancid  or  are  injured  by  small  insects  while  in  storage. 

There  is  a  machine  in  use  which  works  upon  an  entirely  different 
principle  from  the  cylinder  machines  and  which  does  not  break  or 
injure  the  pods.  In  this  machine  the  picking  is  done  by  dragging 
the  vines  over  a  horizontal  wire  mesh,  and  at  the  same  time  brushes 
act  on  the  lower  side  of  the  wire  screen  to  remove  the  nuts.  Very 
little  power  is  required  to  operate  this  machine,  two  complete  outfits 
being  run  at  once  by  a  5-horsepower  gasoline  engine.    The  capacity 


Fia.  14. — Picking  peanuts  from  tbe  vines  by  haai. 

of  this  machine  is  from  300  to  500  bushels  a  day.  In  addition  to 
removing  the  pods  from  the  vines  the  machine  has  the  usual  cleaning 
arrangements  and  a  device  for  removing  the  small  stems  from  the 
pods,  delivering  them  in  a  condition  suitable  for  tlie  cleaning  factor)'. 
Figure  15  shows  one  of  these  machines  in  operation. 

Care  of  pcanata  after  picking. — At  no  time  after  the  ciiring  process 
should  the  peanut  pods  be  exposed  to  water,  or  even  dampnes.s,  as 
the  shells  invariably  become  darkened  and  discolored  by  the  addition 
of  moisture.  When  properly  cured  the  sheila  will  be  covered  with  a 
fine,  dry  dust,  and  where  this  dust  becomes  moistened  it  adheres  and 


forms  a  brownish  spot.  If  the  peanuts  show  the  least  trace  of  damp- 
ness after  their  removal  from  the  vines,  they  should  be  spread  on  a 
floor  or  stored  in  a  well-ventilated  building  until  thoroughly  dry. 
Many  of  the  larger  growers  have  provided  narrow  cribs  similar  to 
those  employed  for  the  storage  of  com,  and  the  peanuts  are  kept 
in  bulk  until  sold.  When  the  pods  are  thoroughly  dry  they  may  be 
put  into  bags  as  they  come  from  the  machine,  and  either  hauled 
direct  to  the  cleaning  factory  or  stored  in  small  lots. 

Freparatioii  of  peannti  for  market. — As  the  peanuts  come  from  the 
hands  of  the  pickers  or  the  thrasher  they  contain  considerable  rub- 
bish and  have  more  or  less  soil  adhering  to  the  pods.  The  extent 
to  which  the  pods  must  be  cleaned  and  graded  will  depend  upon  the 
use  io  which  they  are  to  be  put;  if  for  vending  purposes  they  will 
require  a  factory  process,  but  if  for  shelled  nuta  very  little  work  will 


Fia.  16. — An  Improved  type  ol  peaout-picklns  nacblne  In  operation. 

be  necessary  to  prepare  them  for  the  sheller.  Under  the  present 
status  and  extent  of  the  peanut  industry  the  cleaning  factory  has 
become  an  important  factor,  and  the  interests  of  the  grower  and 
cleaner  are  correlative  and  should  be  cooperative.  Where  Spanish 
peanuts  are  grown  on  an  extensive  scale  it  may  be  feasible  for  the 
farmer  to  own  and  operate  a  small  shelling  and  cleaning  out&t.  In 
the  case  of  the  large-podded  varieties  several  grades  are  made  from 
one  class  of  stock,  requiring  an  extensive,  although  simple,  equipment 
and  the  handling  of  large  quantities  of  nuta  in  order  to  make  the 
enterprise  profitable. 

Methods  of  oleanii^  peanats  in  the  factory. — ^The  cleaning  or  factory 
process  consists  chiefly  in  the  removal  of  all  dirt  and  the  separating 
of  the  nuts  into  their  respective  grades.    In  addition  to  grading. 
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the  higher  class  product  is  treated  to  a  polishing  process,  which  gives 
the  pods  a  more  attractive  appearance  when  exposed  for  sale.  The 
modem  peanut-cleaning  factory  consists  of  a  four  or  five  story  build- 
ing, which  is  supplied  with  power,  lighted  by  electricity,  an<J 
provided  with  elevators  and  bins  for  handling  and  storing  the 
unclean  nuts.  It  also  has  a  full  equipment  of  fans,  grading  machines, 
polishing  dnrnis,  and  shellers,  and  an  abundance  of  lower-floor  space 
for  the  storage  of  the  bags  of  nuts  that  are  ready  for  marketing. 

When  the  peanuts  are  received  from  the  farmer  at  the  factory  they 
are  weighed  and  then  elevated  to  the  top  floor  of  the  factory.  During 
the  cleaning  and  grading  process  they  descend  by  gravitation  through 
the  fans  and  graders,  are  tumbled  in  the  polishing  drums  together 
with  a  small  quantity  of  marble  dust  to  whiten  and  polish  the  pods, 
are  passed  on  slowly  moving  belts  between  lines  of  women  who  are 
expert  in  detecting  foreign  matter  and  inferior  nuts,  and  finally  drop 
into  bags  on  the  lower  floor. 

In  the  modem  cleaning  factory  all  dust  and  refuse  is  removed  by 
means  of  fans  and  ventilators,  the  portions  of  sticks,  stems,  and 
broken  shells  being  conveyed  to  the  boiler  room  and  fed  into  the 
furnace.  One  advantage  of  a  factory  process  is  that  nothing  need 
be  wasted,  as  all  broken  or  split  peas  can  be  worked  into  the  stock 
used  in  the  manufacture  of  peanut  products. 

Cleaned  vines  as  stock  feed. — ^The  peanut  vine  or  straw  from  which 
the  nuts  have  been  removed  is  of  considerable  value  for  feeding  pur- 
poses. Where  the  peanuts  are  picked  from  the  vines  by  hand  the 
stems  become  broken  and  the  greater  portion  of  the  leaves  is  lost, 
but  where  machines  are  used  for  picking  it  is  possible  to  save  the 
straw  in  fairly  good  shape.  If  the  vines  are  carefully  handled  dur- 
ing the  curing  process  and  then  put  in  barns  or  stacks  that  keep  out 
rain,  the  straw  w^hen  delivered  from  the  thrasher  will  have  a  feeding 
value  about  equal  to  clover  hay.  If  the  vines  are  bright  and  clean 
after  the  pods  have  been  removed  they  can  either  be  sold  or  fed  to 
farm  animals,  and  they  will  in  this  way  partially  pay  for  the  cost  of 
planting  and  cultivating  the  crop.  Some  growers  employ  a  baling 
press  and  bale  the  straw  as  it  comes  from  the  thrasher  in  order  that 
it  may  be  more  easily  stored  and  also  be  available  for  marketing. 

VABIETIES  OF  PEAHUTS. 

There  are  not  more  than  five  or  six  distinct  varieties  of  the  peanut 
grown  in  the  United  States,  but  these  few  varieties  represent  at  least 
three  separate  types.  By  classifying  the  varieties  of  peanuts  accord- 
ing to  types  we  have  first  the  large-podded,  or  Jumbo,  peas  and  the 
small-podded  peas.    These  types  are  subdivided  into  bunch  and  run- 
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ning  peas.     Figure  16  shows  pods  and  peas  of  the  more  important 
commercial  varieties. 


Those  varieties  having  a  bunch  habit  of  growth  are  most  generally 
grown,  owing  to  the  fact  that  they  may  be  planted  closer  together 


than  the  running  varieties.    The  bunch  varieties  are  also  more  easily 
cultivated  and  harvested  than  are  the  runners. 

DESCBIFTIONS  OF  VAXtlETIES. 

The  following  descriptions  of  the  more  common  varieties  of  the 
peanut  may  be  of  interest  to  those  not  already  familiar  with  them: 

Tirginia  Bunch. — ^Large-podded  variety,  plant  rather  dwarf,  stems 
upright,  foliage  rather  light;  pods  clustered  about  the  base  of  plant; 
usually  two,  sometimes  three,  seeds  in  a  pod,  pod  bright  and  clean, 
color  of  peas  light  brown ;  pods  adhere  well  to  plant  in  digging.  The 
customary  weight  per  bushel  of  this  variety  is  22  pounds.  (Fig. 
17,  and  fig.  16,  A.) 


Pia.  IT. — Virginia  Buncb  tjt)e  ol  penuut. 

Virginia  BTUiner. — Large-podded  variety,  strong  grower,  stems 
creeping,  foliage  heavy ;  pod.s  scattered  along  procumbent  stems,  pods 
and  peas  very  similar  to  those  of  the  Virginia  Bunch ;  pods  do  not 
adhere  well  in  digging.  The  customary  weight  per  bushel  of  this 
variety  is  22  pounds. 

Korth  Carolina. — Similar  to  Virginia  Runner,  except  that  plant  is 
not  so  large  or  vigorous  and  pods  and  peas  are  both  smaller.  This 
variety  contains  a  high  percentage  of  oil.     (Fig.  16,  B.) 

Spaniih. — Small-podded  variety,  strong  grower,  stems  upright, 
foliage  abundant  and  heavy;  pods  clustered  about  base  of  plant; 
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a.'iUMUj  two  seeds  in  t  pod.  cntiiefy  filling  the  pod:  pods  rough  and 
incVuic^l  to  be  darkened  in  color:  color  of  peas  light  brown:  pods 
adh*rre  well  to  plant  in  dig^ng.  Thb  rarietr  frequently  rielc^  60 
biL':beb!  of  marketable  peas  and  2  tons  of  bar  to  tbe  acre.  The  peas 
of  thli  variety  are  rich  in  oil  content.  The  weight  per  bushel  of 
Spanish  peanuts  is  iS  pounds.     (Fig.  18  and  fig.  16,  C.) 

Teucaiec  Red. — Small-podded  variety:  similar  to  Spanish,  except 
that  the  pod.t  are  longer,  sometimes  containing  five  or  six  peas 
crowded  together;  peas  dull  red  in  cdor.  This  variety  is  well 
adapted  to  stock  feeding,  but  does  not  sell  npon  the  market  owing  to 
the  color  and  quality  of  the  peas.     (Fig.  16.  C.) 


Fio.  18. — SpanUb  trpe  of  peuDut. 

Dixie  Giant. — The  variety  known  as  Dixie  Giant  is  so  called  owing 
to  tlie  great  size  of  its  pods.  It  is  distinctly  a  novelty,  does  not 
yield  welt,  and  requires  a  long  season  for  the  pods  to  mature.  Rec- 
oiiiiiiciidcd  only  for  southern  part  of  Gulf  Coast  States.  The  peas 
of  this  variety  are  very  large  and  are  desirable  for  the  manufacture 
of  fancy  blanched  nuts. 

VARIETIES  FOB  XASKETING. 

For  ^'ellllillg  purposes,  where  the  peas  are  roasted  and  sold  from 
the  fruit  stands,  the  large-podded  varieties,  including  Virginia  Bunch 
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and  Yirginia  Sunner,  are  in  greatest  demands  although  considerable 
quantities  of  Spanish  and  North  Carolina  are  used  for  this  purpose. 
For  shelled  peas  the  smaller  nuts  of  the  large-podded  stock  are 
employed;  also  the  greater  part  of  the  crop  of  Spanish,  North  Caro> 
Una,  and  Tennessee  Red  varieties.  A  large  percentage  of  stock  that 
is  shelled  is  of  the  variety  known  as  Spanish* 

VABTBTIES  FOB  STOCK  FBEDIHO. 

When  peanuts  are  grown  exclusively  for  feeding  purposes  the 
Spanish  is  undoubtedly  to  be  preferred.  If  it  is  desired  to  market 
the  high-grade  portion  of  the  crop  and  feed  the  remainder,  the 
question  of  variety  to  be  grown  will  depend  largely  upon  locality. 
Many  growers  throughout  the  peanut  area  follow  the  practice  of 
planting  several  acres  of  Spanish  peanuts  and  disposing  of  all  of  the 
better-grade  peas  to  some  factory  for  shelling  purposes,  the  vines  and 
poorly  filled  pods  being  fed  to  the  farm  animals.  The  Spanish  pea- 
nut can  be  grown  under  a  much  broader  range  of  conditions  than 
can  the  large-podded  sorts  and  should  be  employed  where  the  season 
is  short. 

This  variety  also  produces  a  heavy  yield  of  vine  and  is  desirable 
for  forage  purposes.  The  Tennessee  Red  is  very  similar  to  the 
Spanish  in  habit  of  growth  and  is  desirable  for  stock  feeding,  but 
as  this  variety  does  not  sell  readily  upon  the  market  it  is  not  generally 
recommended. 

THE  USES  OF  THE  PEANTTT. 

To  most  persons  the  peanut  suggests  only  the  article  as  it  appears 
for  sale  whole  or  shelled  and  salted,  but  during  recent  years  the  uses 
of  peanuts  have  become  numerous,  and  include  a  wide  range  of  utility. 
The  demand  for  peanuts  for  use  in  the  manufacture  of  food  prepara- 
tions is  constantly  increasing.  By-products  of  the  peanut  are  now 
being  employed  extensively  in  the  manufacture  of  feeds  for  farm 
stock  and  dairy  cows,  and  the  plant  is  being  largely  utilized  as  forage 
and  as  a  soil  renovator. 

Important  uses  for  human  food. — ^Among  the  more  important  ust^s  of 
the  p>eanut  for  human  food  are  the  following:  It  is  eaten  from  the 
shell,  as  salted  shelled  peas,  as  blanched  peas,  in  the  so-called  iK»anut 
candies  and  brittle,  in  combination  with  pop  corn  and  puffed  rice, 
in  the  form  of  peanut  butter,  and  as  an  ingredient  of  peanut  and 
vegetable  meats,  peanut  meal,  and  salad  oils. 

The  use  of  the  peanut  for  eating  from  the  shell  when  roasted  is 
most  important  and  popular,  but  the  quantity  of  shelled  peas  that  aro 
first  roasted  and  then  salted  and  sold  by  the  pound  is  constantly 
increasing. 
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A  comparatively  small  quantity  of  the  better  grades  of  peanuts 
is  first  shelled  and  then  roasted  and  the  thin  brown  covering  re- 
moved, after  which  the  halves  of  the  peas  are  broken  apart,  the  small 
germ  removed,  and  the  meats  given  a  blanching  process  which  ren- 
ders them  very  desirable  for  table  use. 

Greater  quantities  of  shelled  peas  are  used  every  year  in  the  manu- 
facture of  peanut  candies  and  brittle,  both  alone  and  in  combination 
with  other  nuts,  pop  com,  or  puffed  rice.  A  very  desirable  kind  of 
peanut  candy  can  be  made  by  simply  boiling  shelled  peanuts  with  a 
thick  sirup  consisting  of  2  pounds  of  granulated  sugar  and  one  large 
cupful  of  water,  together  with  a  teaspoonful  of  lemon  juice.  When 
the  sirup  begins  to  boil  add  2  pounds  of  unroasted  shelled  peas  and 
cook  slowly  until  the  peas  are  tender  and  the  sirup  sufficiently  hard  tr> 
break  when  quite  cold.  The  cooking  process  should  as  a  rule  continue 
for  about  an  hour,  when  the  mixture  should  be  poured  on  a  cold  but- 
tered platter  to  cool.  Peanut  candies  are  as  a  rule  not  adapted  to 
handling  in  warm  weather  and  should  be  kept  cold  after  making. 

During  recent  years  great  quantities  of  shelled  peanuts,  especially 
of  the  Spanish  variety,  have  been  employed  for  the  manufacture  of 
peanut  butter.  This  butter  is  prepared  by  the  ton  in  factories,  is 
put  up  in  bottles  or  tins  containing  from  one-fourth  pound  to  5 
pounds  each,  and  has  become  very  popular  as  a  part  of  the  luncheon 
menu  and  for  camping  and  cruising  supplies.  In  the  process  of  the 
manufacture  of  peanut  butter  the  shelled  peas  are  first  given  a  medium 
roast,  care  being  taken  that  the  meats  do  not  become  overdone  or 
scorched.  The  peas  are  then  fanned  and  screened  to  remove  the  thin 
brown  coverings  and  the  germs,  after  which  they  are  ground  to  a 
pulp  by  means  of  a  special  grinder  similar  to  those  used  for  chopping 
meats.  As  the  peanut  pulp  comes  from  the  grinder  it  is  fed  through 
a  tin  tube  into  the  bottles  or  tins  and  tightly  sealed.  Some  manu- 
facturers follow  the  practice  of  salting  the  peanut  butter,  while  others 
leave  this  part  of  the  process  for  the  consiuner,  who  can  easily  salt  to 
suit  the  taste. 

By  a  little  experience  and  the  aid  of  a  small  meat  grinder,  any  one 
can  make  good  peanut  butter  for  home  usa  The  peanuts  may  be 
roasted  before  or  after  shelling,  but  in  either  case  the  oven  should  be 
only  moderately  hot  and  the  peas  should  be  stirred  frequently.  After 
roasting,  rub  off  the  skins  and  screen  out  the  small  germs,  or  hearts. 
In  grinding,  use  the  finest  plate  on  the  grinder  and  screw  up  the 
tension  until  the  crank  will  be  quite  hard  to  turn.  If  the  pulp  is  too 
coarse  after  one  grinding  it  may  be  run  through  a  second  time.  It 
will  not  be  necessary  to  add  anything  but  a  little  salt  to  the  butter, 
but  if  desirable  the  butter  may  be  thinned  by  the  addition  of  a  little 
olive  oil. 
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In  the  preparation  of  vegetarian  meats  a  portion  of  the  oil  is  ex- 
pressed from  the  ground  peanuts,  other  ingredients,  including  various 
vegetable  substances,  are  added,  and  the  whole  is  crushed  and  pressed 
into  tins  ready  for  use.  In  this  case  the  extra  oil  is  either  used  for 
thinning  peanut  butter  or  sold  as  a  compound  for  use  in  further 
cooking  the  vegetable  meats. 

Peanut  meal,  made  from  finely  ground  blanched  peanut  meats,  is 
used  to  some  extent  in  confections.  This  meal  is  especially  desirable 
in  the  manufacture  of  almond  macaroons  and  small  cakes,  to.  which 
it  imparts  the  desired  almond  flavor.  This  meal  is  also  used  in  the 
manufacture  of  candies. 

Peanut  oil  is  used  in  the  same  manner  as  olive  oil ;  also  for  mixing 
with  cotton-seed  oil  in  order  to  improve  the  quality  of  the  cotton- 
seed oil  for  salad  purposes. 

The  uses  of  peanut  by-produots  ai  f oodi  for  live  stock. — In  the  factories 
where  peanuts  are  cleaned,  shelled,  and  graded  ready  for  the  market 
there  is  always  a  certain  percentage  of  cleanings  and  inferior  stock 
that  can  readily  be  turned  into  stock  foods.  The  outside  shell,  or 
hull,  of  the  peanut  is  rich  in  food  materials  but  is  extremely  difficult 
to  reduce  to  a  condition  in  which  it  can  be  fed.  In  large  cleaning 
factories  the  shells  are  generally  used  as  fuel,  and  the  ash  resulting 
therefrom  is  valuable  as  a  fertilizer,  often  containing  as  high  as  3 
per  cent  of  phosphoric  acid,  9  per  cent  of  potash,  and  6  per  cent  of 
lime. 

The  thin  brown  covermg  of  the  peas  has  a  feeding  value  almost 
equal  to  that  of  wheat  bran.  These  hulls  are  especially  desirable  for 
mixing  with  the  smaller  particles  of  broken  peas  for  stock  feeding. 
In  large  factories  where  peanuts  are  prepared  for  the  manufacture  of 
peanut  butter  and  similar  preparations  the  waste  in  the  form  of 
small  particles  of  the  meats  and  the  germs  is  considerable  and  is  sold 
to  farmers  for  feeding  purposes.  In  some  cases  the  waste  is  mixed 
with  a  portion  of  the  hulls  and  finely  ground  or  chopped  before 
leaving  the  factory.  Peanut  hulls  can  not  readily  be  ground  by 
means  of  a  burr  mill  but  require  some  form  of  chopping  or  shredding 
process. 

Broken  peas  and  germs  are  used  largely  as  a  food  for  hogs,  and  both 
should  be  fed  in  moderation  and  in  combination  with  some  grain,  as 
the  peanut  feed  by  itself  will  produce  a  hog  having  soft  fat  and 
inferior  meat.  The  famous  Smithfield  hams  and  bacon  come  from 
hogs  that  are  partially  fed  on  peanuts,  the  practice  being  to  turn 
the  hogs  into  the  peanut  fields  after  the  crop  has  been  gathered  and 
allow  them  to  glean  the  pods  that  were  lost  in  harvesting.  The 
principal  objection  to  the  use  of  peanut  by-products  as  stock  feeds 
is  their  tendency  to  become  rancid  very  quickly.    The  germs,  vbich 
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are  high  in  nitrogen  content,  become  rancid  and  bitter  in  a  short 
while  and  should  not  be  kept  on  hand  for  a  greater  period  than  fifty 
or  sixty  days. 

Possibilities  in  the  manuf  aotnre  of  peanut  oil. — ^The  oil  of  the  peanut 
belongs  commercially  in  the  same  class  as  do  cotton-seed  and  olive 
oils.  Peanut  oil  is  of  a  higher  grade  than  cotton-seed  oil  and  of 
somewhat  lower  value  than  first-class  olive  oil.  Peanut  oil  is  some- 
times used  for  mixing  with  olive  oil  for  the  production  of  an  oil 
that  can  be  sold  at  a  lower  price  than  pure  olive  oil.  On  the  other 
hand  peanut  oil  is  frequently  mixed  with  cotton-seed  oil  in  order  to 
improve  the  quality  of  the  cotton-seed  oil  for  certain  purposes. 

The  quantity  of  oil  that  may  be  obtained  from  the  peanut  will 
depend  upon  the  variety,  the  maturity  of  the  peas,  and  the  apparatus 
with  which  the  extraction  is  made.  The  Spanish  meats  when  shelled 
and  thoroughly  cleaned  frequently  contain  as  high  as  45  per  cent  of 
oil,  as  shown  by  chemical  analysis,  although  not  more  than  34  per 
cent  can  be  expressed  by  the  best  of  present  methods  and  perhaps 
about  28  per  cent  by  ordinary  machinery.  It  is  generally  conceded 
that  in  order  to  make  the  manufacture  of  oil  profitable  good  peanuts 
must  be  obtainable  at  prices  not  exceeding  40  cents  a  bushel.  A 
bushel  of  first-class  Spanish  peanuts,  weighing  28  pounds,  will  pro- 
duce about  1  gallon  of  oil,  worth  45  cents,  and  20  pounds  of  oil  cake 
and  hulls,  which  when  ground  and  mixed  together  will  be  worth 
approximately  25  cents,  or  $25  a  ton,  as  stock  feed. 

The  greater  portion  of  the  peanut  oil  of  commerce  is  manufac- 
tured at  Marseille,  France,  from  peanuts  that  are  bought  very 
cheaply  along  the  coast  regions  of  Africa  and  transported  by  ships 
as  return  cargo.  The  African-grown  peanuts  are  very  rich  in  oil, 
often  containing  as  high  as  50  per  cent.  With  a  coming  shortage 
of  cotton  seed  from  which  to  manufacture  oil  in  this  country  there 
is  a  great  possibility  of  building  up  a  peanut-oil  industry  throughout 
the  cotton  belt  of  the  Southern  States.  As  already  mentioned,  there 
are  thousands  of  acres  of  land  now  lying  idle  that  will  produce  fairly 
good  crops  of  peanuts,  and  their  growth  will  improve  the  land.  By 
combining  the  use  of  cotton  seed  and  peanuts  for  the  production  of 
oil  it  would  be  possible  to  keep  the  existing  oil  mills  of  the  South 
running  and  at  a  profit  to  both  the  farmer  and  mill  owners.  The 
oil  that  remains  in  the  cake  will  not  be  lost,  as  there  is  demand  for 
the  cake  for  the  manufacture  of  vegetarian  meats  and  for  stock 
feed. 

The  process  of  expression  is  very  similar  to  that  for  cotton-seed 
oil  and  the  greater  portion  of  the  machinery  of  the  present  oil  mills 
is  adapted  to  the  manufacture  of  peanut  oil.  It  would  be  necessary, 
however,  to  add  special  appliances  for  shelling,  cleaning,  and  macer- 
ating the  meats  of  the  peanut. 
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THE  UFOBTAnCE  OF  THE  PEAHTTT  AS  A  FABH  CBOF. 

In  sections  where  the  soil  and  climate  are  suitable  the  peanut  is 
rapidly  becoming  a  crop  of  general  farm  importance.  In  the  South- 
em  States  peanuts  can  be  grown  under  a  wide  range  of  conditions, 
and  the  product  can  be  used  for  several  purposes.  Peanuts  are 
valuable  as  a  substitute  for  cowpeas,  especially  on  certain  soils  that 
are  not  adapted  to  the  growing  of  the  cowpea.  In  many  sections 
where  the  clovers  and  other  soil-renovating  crops  will  not  withstand 
the  heat  and  drought  of  the  summer  months,  the  peanut  will  thrive 
and  make  an  excellent  growth.     A  crop  of  peanuts  for  forage  can 


Flo.  16. — Peantiti  groirInK  in  the  allejB  tietweeu  rows  ot  corn. 

often  be  grown  after  the  removal  of  oats  or  some  other  spring  crop, 
and  although  they  may  be  badly  overgrown  by  crab-grass,  the  tops 
may  be  mown  with  the  grass  for  hay,  and  the  hogs  turned  in  to  root 
out  the  peas. 

Throughout  Georgia  and  the  surrounding  Gulf  Coast  States  the 
peanut  is  extensively  used  for  planting  in  the  alleys  between  the 
rows  of  com.  The  peanuts  are  planted  at  the  time  the  com  is  given 
the  last  working,  and  are  allowed  to  grow  as  a  catch  crop  among  the 
com.  (Fig.  19.)  After  the  com  is  pulled,  cattle  are  turned  in  to 
eat  the  fodder  and  the  peanut  tops.  Following  the  cattle  tlie  land  is 
pastured  by  hogs  to  clean  up   everything  that  remains.     In   this 
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way  most  of  the  nitrogen  stored  by  the  peanut  roots  is  left  in  the 
soil.  Peanuts  can  be  planted  between  rows  of  cotton  in  the  same 
manner. 

The  value  of  peanut  hay  for  feeding  purposes. — ^The  tops  of  the  pea- 
nut plant  when  cut  and  cured  in  the  same  manner  as  other  legumes 
will  produce  a  hay  that  is  almost  equal  in  feeding  value  to  the  best 
clover  hay.  By  planting  the  Spanish  peanut  in  rows  from  24  to  30 
inches  apart  and  quite  closely  in  the  row  and  by  giving  the  crop 
about  two  cultivations,  it  is  possible  to  produce  from  one  to  two 
tons  of  hay  to  the  acre.  After  the  hay  is  removed  the  pods  can  be 
turned  out  by  means  of  a  plow,  cured,  and  stored  for  winter  feeding, 
or  hogs  may  be  turned  in  to  gather  the  crop.  The  following  table 
shows  the  comparative  value  of  peanut  hay. 


Table  I. — Comparative  analysis  of  peanut  hay  and  other  hays. 


Dry  matter. 


Peanut  hay 

Peanut,  entire  plant 

Clover  hay 

Timothy  nay 

Cowpeahay 

Alfalfa  hay 


Protein. 

Carbohy- 
dtatea. 

Percent 

FercenL 

1L75 

4S.96 

13.48 

80.28 

12.84 

48.  SI 

7»17 

S2.M 

1«.72 

45.16 

16.48 

42.  e2 

JrvT  COlC. 

1.84 
15.06 
2.11 
l.W 
4.04 
2.  OS 


Peanut  straw,  consisting  of  the  entire  vine  after  the  salable  nuts 
have  been  removed,  has  a  somewhat  higher  feeding  value  than  the 
tops  alone,  due  to  the  fact  that  many  of  the  inferior  pods  are  left 
in  the  straw.  Peanut  straw  is,  however,  not  so  bright  or  palatable 
for  feeding  as  are  the  peanut  tops  when  cut  and  cured  especially  for 
hay. 

The  value  of  the  entite  peanut  plant  as  forage. — ^Throughout  that  por- 
tion of  the  Southern  States  where  field  com  does  not  yield  a  satis- 
factory crop,  the  place  of  corn  for  feeding  to  animals  may  be  largely 
taken  by  the  peanut.  On  some  ranches  where  a  large  number  of 
work  animals  are  maintained  the  Spanish  peanut,  including  the  entire 
plant,  is  practically  the  only  feed  used. 

The  peanut  vines  and  peas  when  chopped  or  ground  together  form 
almost  a  balanced  ration  for  a  dairy  cow.  The  following  table  will 
give  some  idea  of  the  comparative  value  of  peanut  products  and  other 
feeding  stuffs. 
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Table  II. — Comparative  analysis  of  peanuts  and  other  feeding  materials. 


Dry  matter. 

Protein. 

Carbohy- 
drates. 

FktL 

fiwwPMl  com  mnil  nf^ , 

■JtBT  CtHtt 

9.6 
9.2 
16.4 
42.8 
26.6 
10.0 
12.4 
14.8 
18.4 

71.9 
6A.7 
60.4 
28.6 
16.7 
42.0 
88.8 
42.7 
40.1 

JPBF  O0H. 
4.4 

Corn  iiMal 

8.8 

Wheat  bnm 

4.0 

OottoQ-seed  meal 

18.1 

Peannt  kernels 

42.0 

PWllMlt  TitJe'l  -----         r        .    .  , .    .        r             -   -  . r  -       -  r  T  r 

8.6 

ni«v  w  hay r, . ,  - 

4.5 

AH«]f^ ,, 

2.2 

Peannt,  whole  plant 

21.5 

Tke  hm  of  peanuts  for  fatteniag  hogs. — ^As  already  suggested,  the 
peanut  is  a  valuable  feed  for  use  in  preparing  hogs  for  market,  the 
usual  custom  being  to  turn  the  hogs  into  the  peanut  fields  and  allow 
them  to  glean  whatever  is  left  after  harvesting.  In  some  sections 
peanuts  are  being  grown  primarily  fcHr  feeding  to  hogs.  Poorly 
fiUed  nuts,  broken  peas,  the  germs,  and  waste  products  generally  are 
fed  to  hogs  during  the  earlier  part  of  the  fattening  period.  A  hog 
that  is  fattened  exclusively  on  peanuts  will  not  yield  a  desirable  class 
of  meat  or  lard,  as  the  meat  will  lack  firmness  and  the  lard  be  soft 
and  oily.  Toward  the  end  of  the  fattening  period  the  hog  should  be 
fed  almost  exclusively  on  com.  Hogs  will  eat  considerable  of  the 
peanut  tops  when  pastured  on  them,  and  the  plan  of  dividing  the 
field  into  small  areas  by  portable  fences  and  allowing  the  hogs  to 
gather  the  peas  is  perhaps  the  most  economical. 

Methods  of  handling  and  cnring  peanuts  for  forage. — ^Where  the  entire 
peanut  plant  is  to  be  stored  and  used  for  feeding  to  stock  the  work 
of  curing  and  caring  for  the  vines  should  be  Very  much  the  same  as 
in  curing  cowpea  hay,  although  the  peanut  vines  will  cure  more 
rapidly  than  those  of  the  cowpea.  The  vines  are  plowed  from  the 
soil  or  lifted  by  means  of  a  potato  digger,  and  after  being  allowed 
to  lie  exposed  for  a  few  hours  are  raked  into  very  small  windrows  by 
means  of  an  ordinary  hay  rake.  After  partially  drying  in  the  wind- 
rows the  vines  are  put  up  in  small  shocks,  preferably  around  poles; 
The  main  object  in  the  handling  of  peanut  vines  for  forage  will  b6 
to  get  the  stems  and  peas  properly  cured  without  losing  the  leaves, 
and  in  order  to  do  this  it  is  necessary  to  keep  them  in  bunches  and  to 
dry  them  gradually.  After  the  vines  are  sufficiently  dry  they  may  be 
stacked  around  a  pole  or  hauled  to  the  barn  and  stored  in  the  hay 
mow.  Where  the  stacking  method  is  employed  the  stacks  should  be 
rather  small,  say  not  over  a  ton  each. 

Peanut  vines  for  forage  purposes  can  be  handled  in  the  same  way 
as  those  of  the  cowpea  and  yield  a  very  desirable  class  of  forage. 
Perscms  who  have  used  the  peanut  exclusively  for  feeding  purposes 
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claim  that  they  have  had  no  difficulty  in  feeding  it  to  all  kinds  of 
work  animals,  even  driving  horses.  It  is  well,  however,  to  feed  (mly 
a  part  ration  of  peanut  vines  at  first  and  observe  the  animals  until 
they  become  accustomed  to  this  form  of  diet.  Under  ordinary  cir- 
cumstances the  plant  is  fed  without  removing  the  nuts,  but  it  may  be 
well  in  some  cases  to  pick  the  peanuts  from  the  vines  and  grind  them, 
shell  and  all,  and  then  feed  as  a  meal  with  the  vines. 

INSECTS  INTTJSIOirS  TO  THE  PEANTTT. 

The  insect  enemies  of  the  growing  peanut  crop  have  been  so  few 
that  very  little  attention  has  been  given  them  by  the  entomolbgists. 
Recently  there  has  been  reported  a  species  of  aphis  working  upon 
I  he  roots  of  the  peanut  plants.  This  insect  belongs  to  a  class  that 
obtains  it#  food  by  sucking  the  juices  of  the  plant  from  beneath  the 
surface  of  the  leaves,  stems,  or  roots.  The  presence  of  this  root  aphis 
is  indicated  by  patches  of  what  appears  to  be  a  white  mold  upon 
the  roots  and  pods  of  the  peanut  and  is  generally  not  observed  until 
digging  time.  Thus  far  no  great  injury  from  these  insects  is  appar- 
ent, but  should  they  become  very  numerous  great  damage  will  ensue, 
and  about  the  only  satisfactory  remedy  which  the  writer  can  sug- 
gest is  crop  rotation,  planting  peanuts  on  clean  land  each  year,  and 
only  returning  to  the  original  piece  after  a  period  of  four  or  five 
years. 

While  in  storage  peanuts  are  attacked  by  various  insects.  So  long 
as  the  shells  remain  unbroken  these  insects  can  not  gain  access  to  the 
meats,  but  where  the  shells  have  been  injured  or  broken  in  thrashing 
or  in  subsequent  handling  the  peas  can  not  be  kept  during  the  sum- 
mer months.  The^e  insects  are  especially  destructive  in  storage 
houses  and  cleaning  factories  where  peanuts  are  held  for  summer 
trade.  They  may  be  destroyed  by  fumigation  with  carbon  bisulphid 
in  the  factory  or  warehouse.  Carbon  bisulphid  forms  an  inflam- 
mable gas,  and  its  use  is  attended  with  some  danger  and  should  be 
applied  by  an  experienced  person." 

DISEASES  OF  THE  PEAHTTT. 

The  peanut  crop  has  thus  far  been  remarkably  free  from  disease. 
About  the  only  disease  that  has  been  at  all  prominent  is  a  form  of 

«  For  information  regarding  the  use  of  this  insecticide  the  reader  Is  referred 
to  Farmers'  Bulletin  145,  which  may  be  obtained  upon  application  to  the  Sec- 
retary of  Agriculture.  No  general  work  has  been  published  by  this  Department 
on  the  insect  enemies  of  peanuts,  but  information  in  regard  to  any  of  them 
may  be  obtained  by  application  to  the  Bureau  of  Entomology.  Ck)rrespondence 
will  be  facilitated  if  specimens  of  the  insects  concerned  in  the  damage  accom- 
pany letters  of  inquiry. 
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leaf-spot  {Gercospora  per$onata  (B.  &  C.)  E.  &  E.)  which  appears  in 
the  form  of  smail  brown  spots  on  the  leaves.     (Fig.  20.) 

This  disease  is  especially  noticeable  on  the  young  plants  during  a 
vet  spring,  giving  tlie  leaves  the  appearance  of  having  been  scalded 
by  the  sun.  Later  in  the  season  the  plants  will  as  a  rule  outgrow  the 
disease,  except  in  low  or  poorly  drained  portions  of  the  fields.  Where 
the  disease  is  abundant  upon  the  foliage  the  pods  are  frequently 
discolored  and  rusty.  There  can  be  no  doubt  that  this  disease  causes 
considerable  reduction  in  yield  on  land  that  is  sour  or  poorly  drained. 
It  is  often  observed  that  the  disease  will  be  abundant  in  low  spots 
without  spreading  to  other  parts  of  the  field.    The  presence  of  the 


Fiu.  20. — DiseRBe  appearing  upon  the  leuves  o(  tbe  peanut. 

disease  upon  the  foliage  of  the  peanut  greatly  decreases  the  value  of 
the  vines  for  hay.  Should  this  trouble  become  prevalent  it  may  be 
controlled  by  spraying  with  Bordeaux  mixture.  Its  development 
may  be  prevented  by  proper  drainage. 

CONCITTSIOirS. 

The  peanut  is  worthy  of  more  genera)  cultivation  throughout  the 
Southern  States,  especially  in  the  boll-weevil  district,  where  it  will 
in  many  cases  be  found  more  profitable  than  cotton. 

The  uses  of  peanuts  as  a  general  farm  crop  throughout  the  South- 
em   States  are  becoming  mare  numerous,  especially  as  a  means  of 
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METHODS  OF  POULTRY  MANAGEMENT  AT  THE  MAINE 
AGRICULTURAL  EXPERIMENT  STATION. 


IVTBODXTCTIOH. 

Many  years'  practical  experience  in  raising  and  keeping  poultry  and 
investigations  in  poultry  breediiig  at  the  Maine  Experiment  Station 
have  resulted  in  the  accumulation  of  a  considerable  fimd  of  informa- 
tion on  poultry  management.  It  is  the  purpose  of  the  following 
pages  to  outline  this  experience  for  the  benefit  of  poultry  keepers  and 
thereby  to  help  them  to  discriminate  between  some  of  the  wrong  theo- 
ries which  have  underlain  much  of  the  common  practice  of  the  past 
and  the  better  theories  which  underlie  other  and  newer  methods  that 
are  now  yielding  more  satisfactory  results.  It  may  be  that  these 
methods  are  no  better  than  those  practiced  by  others,  but  the  attempt 
is  made  to  state  concisely  the  methods  which  have  been  or  are  now 
being  successfully  employed  at  the  station. 

THE  SELECTIOH  OF  BBEEDIHO  STOCK. 

There  are  two  or  three  much-advertised  methods  of  judging  a  hen's 
productiveness  from  certain  signs  and  marks,  the  secret  of  which  will 
be  disclosed  by  the  inventor  for  a  monetary  consideration.  The  Maine 
station  has  not  invested  in  nor  investigated  any  of  these  methods. 
There  may  be  ways  to  prophesy  accurately  what  a  hen  will  do  in  the 
way  of  egg  production,  but  they  have  not  come  to  the  writer's 
attention. 

EABLY  LAYING  A  VALXTABLB  INDICATION. 

The  only  absolutely  sure  way  of  making  selection  for  breeding  stock 
is  by  means  of  the  data  obtained  from  the  use  of  trap  nests.  Only 
investigators  and  an  occasional  poultryman,  however,  can  afford  the 
equipment  and  the  expense  involved  in  operating  trap  nests,  but  every 
poultryman  can,  by  closely  observing  his  yoimg  stock  during  the 
autumn,  select  the  pullets  that  are  commencing  or  preparing  to  lay, 
and  secure  for  the  next  season's  breeding  a  pen  of  birds  that  have 
the  function  of  egg  production  so  strongly  developed  that  they  give 
evidence  of  it  by  its  early  exercise. 
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As  evidence  of  the  value  of  early-laying  pullets,  attention  is  called 
to  the  work  performed  by  29  April-hatched  pullets  that  were  selected 
from  among  their  sisters  out  on  the  range  in  August  and  Septem- 
ber, when  they  showed  that  they  were  laying  or  about  to  begin 
laying.  They  were  not  selected  because  of  form  or  type  as  indicating 
egg  production,  but  they  were  either  just  picked  up  as  they  were 
foimd  on  the  nests  or  taken  because  their  combs  were  red  or  because 
they  tagged  the  attendant  aroimd  and  prated  in  the  everyday  hen  lan- 
guage about  the  work  they  were  soon  going  to  do.  They  were  carried 
to  the  laying  house,  marked  with  bands,  and  given  access  to  trap  nests. 

Four  of  the  29  died  within  the  year.  The  smallest  layer  of  the 
remaining  25  laid  137  eggs  the  first  laying  year;  18  laid  more  than  160 
eggs;  and  8  laid  over  200  eggs,  and  the  average  of  the  flock  for  the* 
twelve  months  ending  August  30,  1905,  was  180  egg^.  This  average 
was  much  higher  than  that  of  all  the  pullets  carried  that  year,  and  the 
flock  contained  no  poor  layers,  but  a  phenomenal  number  of  high  lay- 
ers. The  high  average  of  the  flock  and  the  large  proportion  of  good 
layers  point  out  the  advantages  of  this  method  of  selection  when  the 
use  of  trap  nests,  or  other  equally  reliable  methods  of  selection,  is  not 
practicable. 

Poultrymen  are  generally  desirous  of  securing  as  many  well-bred 
pullets  as  possible,  and  so  use  1-year-old  hens  as  breeders  in  addition 
to  their  2-year-olds.  The  work  done  by  pullets  from  September  to 
February  or  March  is  a  pretty  good  indication  of  their  usefulness, 
and  their  eggs  are  available  for  breeding  during  the  pullet  year. 
While  the  chickens  from  such  eggs  are  not  generally  so  large  at 
maturity  as  those  from  older  hens,  they  do  not  appear  to  lack  con- 
stitution or  vigor,  and  there  is  no  apparent  reason  why  they  are  not 
desirable  for  breeding  purposes. 

HAISnrO  CHICKEVS  BT  VATUEAI  FSOGESSES. 

While  even  the  small  grower  of  chickens  in  many  cases  uses  an 
incubator  for  hatching,  circumstances  sometimes  make  it  necessary 
to  hatch  and  raise  chickens  by  aid  of  the  mother  hen.  To  persons  so 
situated  an  outline  of  the  method  practiced  at  the  station  before  incu- 
bators had  reached  their  present  development  may  be  helpfiil.  An 
imused  tie-up  in  a  barn  was  taken  for  the  incubating  room  and  a  plat- 
form was  made  along  the  inner  side.  The  platform  was  3  feet  above 
the  floor  and  was  2i  feet  wide  and  50  feet  long.  It  was  divided  into 
fifty  little  stalls  or  nests,  each  1  foot  wide,  2  feet  long,  and  1  foot 
high.  This  left  a  6-inch  walk  along  the  front  of  the  nests  for  the  hens 
to  light  on  when  flying  up  from  the  floor.  Each  nest  had  a  door  made 
of  laths  at  the  front,  so  as  to  give  ventilation.    The  door  was  hinged 
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at  the  bottom  and  turned  outward.  Across  the  center  of  each  nest  a 
low  partition  was  placed,  so  that  the  nesting  material  would  be  kepi 
in  the  back  end — the  nest  proper.  For  early  spring  work  paper  was 
put  in  the  bottom  of  the  nest,  then  an  inch  or  two  of  dry  earth,  and 
on  that  the  nest,  made  of  soft  hay. 

Whenever  half  a  dozen  hens  became  broody  they  were  taken  in 
from  the  henhouse  and  put  on  the  nests,  each  nest  having  a  dummy 
egg  in  it;  the  covers  were  then  shut  up,  and  nearly  every  hen  seemed 
contented.  In  a  day  or  two  13  eggs  were  placed  xmder  each  hen. 
Every  morning  the  hens  were  liberated  as  soon  as  it  was  light,  when 
they  would  come  down  of  their  own  accord  and  burrow  in  the  dry 
dust  on  the  floor,  eat,  drink,  and  exercise,  and  in  twelve  or  fifteen 
minutes  they  would  nearly  all  go  onto  the  nests  voluntarily.  In  the 
afternoons  one  would  occasionally  be  foxmd  off  the  eggs  looking  out 
through  the  slatted  door.  If  she  persisted  in  coming  off  she  was  ex- 
changed for  a  better  sitter.  The  double  nest  is  necessary,  otherwise 
the  discontented  hen  would  have  no  room  to  stand  up,  except  on  her 
nest  full  of  eggs,  and  she  would  very  likely  ruin  them.  There  was  no 
danger  of  this  with  the  double  nest,  as  she  would  step  off  the  nest,  go 
to  the  door  and  try  to  get  out. 

The  advantages  of  a  closed  room  in  which  to  confine  the  sitters  are 
many,  as  the  hens  are  easily  controlled  and  do  not  need  watching  as 
they  do  when  selecting  nests  for  themselves,  oY  when  sitting  in  the 
same  room  with  laying  hens.  A  room  12  feet  square  could  be  ar- 
ranged so  as  easily  to  accommodate  50  sitters. 

The  most  satisfactory  arrangement  used  at  the  Maine  station  for 
the  accommodation  of  the  hen  with  her  brood  of  young  chicks  con- 
sisted of  a  closed  coop  about  30  inches  square,  with  a  hinged  roof  and 
a  movable  floor  in  two  parts,  which  would  be  lifted  out  each  day  for 
cleaning.  This  little  coop  had  a  wire-covered  yard  attached  to  it  on 
the  south  side.  The  yard  was  4  by  5  feet  in  size  and  1^  feet  high. 
Its  frame  was  of  1-inch  by  3-inch  stoips  and  was  fastened  securely  to 
the  coop. 

The  wire  on  the  sides  was  of  l4nch  mesh,  but  on  top  2-inch  mesh 
was  sufficient.  Such  a  coop  is  easily  kept  clean,  and  the  coop  and 
yard  can  be  set  over  onto  clean  grass  by  one  person. 

The  small  run  will  be  sufficient  for  the  first  few  weeks,  but  soon 
the  chicks  need  greater  range,  and  then  the  fence  at  the  farther  end 
of  the  run  can  be  lifted  up  3  or  4  inches  and  they  can  pass  in  and  out 
at  will,  while  the  mother  will  be  secure  at  home  and  they  will  know 
where  to  find  her  whan  they  get  cold  or  damp  or  need  brooding. 
Such  a  coop  accommodates  15  to  20  chicks  xmtil  they  no  longer  require 
brooding,  after  which  several  flocks  should  be  combined  in  one  and 
put  in  a  portable  house  on  a  grassy  range. 
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Whenever  the  hen  is  allowed  to  hatch  or  to  mother  ehicks,  much 
care  must  be  exercised  to  prevent  lice  from  getting  a  foothold  and 
mining  the  birds.  The  free  and  frequent  use  of  fresh  insect  powder 
upon  the  hen,  working  it  through  the  feathers  to  the  skin,  is  one  of 
the  best  methods  for  destroying  the  pests.  Grease  or  oil  is  effective 
when  applied  to  the  heads  and  under  the  wings  of  young  chicks,  but 
care  must  be  taken  not  to  get  too  much  on  them,  especially  during 
damp  weather.  The  feeding  of  chicks  raised  in  coops  with  their 
mothers  does  not  vary  much  from  the  feeding  of  those  raised  in 
brooders  as  described  on  page  11. 

HAISnrO   CHICKEHS   BT  ABTIFICIAL  FSOCESSES. 

Incubators  have  been  so  much  improved  that  there  are  aevenl 
kinds  on  the  market  that  will  hatch  as  many  chicks  from  a  given  lot 
of  eggs  as  can  be  done  by  selected  broody  hens.  They  require  little 
care,  maintain  an  even  temperature,  and  are  easily  adjusted  to  meet 
the  increase  in  temperature  arising  from  the  developments  going  on 
in  the  eggs.  In  some  machines  the  moisture  supply  is  automatic  and 
adapted  to  the  requirements;  in  others  it  has  to  be  supplied,  and  skill 
is  necessary  in  determining  the  quantity  needed.  The  economy  of 
the  incubator  is  very  great.  A  360-egg  machine  will  do  the  work  of 
nearly  30  broody  hens,  and  can  be  kept  at  work  continually  if  desired. 

THB  INOTJBATOB. 

There  are  many  makes  of  incubators  on  the  market,  most  of  which 
will  give  fairly  satisfactory  results.  The  Maine  station  has  not  tested 
many  makes  of  incubators,  and  very  likely  some  of  the  makes  not 
tested  would  prove  as  satisfactory  as  the  make  used.  Where  many 
machines  are  used  the  hand  turning  of  the  eggs  absorbs  considerable 
time.  Several  turning  devices  are  in  vogue  and  equally  good  hatches 
have  been  obtained  with  them  as  when  the  eggs  have  been  turned  by 
hand.  Machines  that  have  artificial  turning  shelves  will  not  hold 
quite  as  many  eggs  as  when  flat  shelves  are  used,  but  the  saving  of 
time  compensates  for  this.^ 

Whatever  make  of  incubator  is  used,  pains  should  be  taken  to  be- 
come thoroughly  acquainted  with  the  machine  before  the  eggs  are 
put  into  it.  It  is  advisable  for  a  person  not  familiar  with  the  use 
of  an  incubator  to  run  the  machine  empty  for  several  days  before 
fiUing  it.     After  the  eggs  are  put  in,  changes  and  adjustments  should 

a  A  complete  and  useful  discussion  of  the  different  types  of  incubators  and  the 
methods  of  managing  them  to  get  the  best  results  is  given  in  Fanners'  Bulletin  236, 
''Incubation  and  Incubators,"  which  may  be  obtained  free  on  application  to  the  Sec- 
retary of  Agriculture,  Washington,  D.  G. 
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be  made  with  the  greatest  care  for  fear  of  extreme  results.  By  the 
use  of  an  incubator  it  is  possible  to  determine  exactly  the  time  when 
the  chickens  shall  be  hatched.  With  the  strain  of  Barred  Plymouth 
Rocks  bred  by  the  Maine  station  it  was  formerly  necessary  to  hatch 
the  chickens  in  March  in  order  to  have  them  ready  for  November  lay- 
ing. By  better  methods  of  feeding,  breeding,  and  treatment,  it  is  now 
possible  to  delay  the  hatching  until  April  and  the  first  of  May  and 
have  the  pullets  in  good  laying  condition  the  last  of  October  and  early 
in  November.  Chickens  hatched  in  March  under  the  present  method 
of  breeding  and  feeding  would  in  some  cases  begin  laying  in  August. 

THB  INOTJBATOB  BOOM. 

It  is  important  that  the  incubator  room  be  so  situated  that  it  can 
be  kept  at  a  fairly  constant  temperature.  On  this  account  an 
underground  room  is  usually  selected.  For  many  years  the  well- 
lighted  cellar  imder  the  wing  of  the  farmhouse  was  used  by  the 
Maine  station.  A  cold  or  badly  ventilated  cellar  would,  however, 
be  poorly  adapted  for  incubators'.  Ventilation  is  very  important, 
and  where  several  incubators  are  in  use  artificial  ventilation  must 
be  provided,  in  order  that  the  machines  may  be  furnished  with 
clean,  fresh  air  at  all  times. 

In  1905  the  Maine  station  erected  an  incubator  house  which 
practically  consists  of  a  well-made,  light,  airy  cellar  with  a  house 
for  the  poultry  man  above  it.  The  incubator  room,  which  occupies 
the  entire  cellar,  is  30  feet  square.  The  room  is  7  feet  high  in  the 
clear,  5  feet  of  which  is  below  the  level  of  the  outside  ground.  It  is 
lighted  by  six  3-light  windows,  carrying  glass  10  inches  by  16  inches. 
The  cement  walls  are  finished  smooth  and  the  cement  floor  is  slightly 
inclined  toward  the  southeast  comer  where  the  intake  of  the  drain 
is  located.  This  enables  the  free  use  of  water  from  hose  in  cleaning 
the  room  preparatory  to  starting  the  incubators.  Two  chinmeys 
extend  to  the  basement  floor  and  contain  ventilating  flues  that  have 
no  opening  into  the  rooms  above.  Entrance  to  the  room  is  through 
a  covered  outside  cellar  stairway  leading  into  a  shed  at  the  rear  of 
the  building.  The  room  now  contains  twelve  360-egg  machines  in 
addition  to  several  of  smaller  capacity. 

In  the  directions  which  accompany  the  hot-air  incubators  of  the 
type  used  at  the  station  it  is  stated  that  an  artificial  source  of  mois- 
ture is  not  needed  in  operating  these  incubators  except  in  very  arid 
parts  of  the  country.  It  is  said  that  in  other  places  the  normal 
moisture  of  the  atmosphere  is  sufficient  to  insure  the  necessary 
moisture  in  the  incubator.  The  experience  of  the  station  indicates 
.that  except  in  a  rather  wet  season  this  is  not  the  case.  It  has  been 
found  here  that  in  an  ordinary  season  if  no  artificial  moisture  is 
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supplied  to  the  incubators  there  is  too  great  an  evaporation  from 
the  eggs.  It  is  demonstrable  that  many  eggs  fail  to  hatch  because 
of  this  dryness  of  the  air  in  the  incubator.  It  is  not  desirabie  hex^ 
to  enter  into  a  detailed  discussion  regarding  experiments  on  this 
point.  It  suffices  to  state  the  fact  that  in  the  station's  experience 
better  hatches  have  been  obtained  when  moisture  beyond  that 
normal  in  the  atmosphere  is  supplied  during  incubation.  The  most 
satisfactory  way  to  supply  this  extra  moisture  has  been  found  to 
be  by  wetting  the  cement  floor  of  the  incubator  cellar  thoroughly 
two  or  three  times  a  day,  depending  on  the  degree  to  which  eyiq>o- 
ration  is  taking  place.  During  the  hatching  season  the  aim  is  to 
keep  the  floor  of  the  incubator  cellar  moist  at  all  times. 

BBOODBB  HOtrSBS. 

The  poultry  plant  erected  by  the  Maine  station  in  1897  included  a 
permanent  brooder  house.  The  house  was  14  feet  wide  by  60  feet 
long.  Its  front  wall  was  4  feet  10.  inches  high  from  the  bottom  of  the 
sill  to  the  top  of  the  plate,  and  the  back  was  7  feet  high.  The  ridge 
was  4  feet  from  the  back  side  and  1  foot  6  inches  hi^er  than  the  back 
plate.  This  gave  the  short  part  of  the  roof  back  of  the  ridge  and  the 
long  part  to  the  front  of  it.  The  frame  of  the  building  was  of  2  by 
4's;  it  was  boarded  on  the  outside  with  hemlock  boards,  covered  with 
paper,  and  shingled  all  over,  and  the  building  was  ceiled  on  the  inside 
with  matched  pine.  This  gave  a  4-inch  dead-air  space  in  the  walls 
and  roof.  The  house  also  had  a  tight  double  floor  with  paper  be- 
tween. The  front  wall  was  3  feet  8  inches  high  inside  and  the  back 
wall  5  feet  9  inches  from  floor  to  ceiling.  There  was  a  S^-foot  door 
in  each  end;  there  were  ten  windows  in  the  front  wall,  equal  distances 
apart  and  8  inches  from  the  floor,  and  five  windows  in  the  back  waD 
close  up  to  the  plate.  The  windows  had  6  panes  each  of  10  by  12 
inch  glass  and  were  in  two  parts,  so  as  to  slide  up  and  down  and  admit 
fresh  air  and  to  keep  the  house  cool  in  warm  weather.  The  windows 
were  ail  double,  lliere  were  ten  small  doors,  each  10  by  12  inches, 
placed  close*  to  the  floor  along  the  front  wall,  throu^  which  chickens 
could  pass  in  and  out ;  these  doors  were  also  double.  Two  galvanized 
iron  ventilators  at  the  top  extended  from  the  inside  of  the  room  up 
through  the  ridge  and  furnished  sufficient  ventilation  during  cold 
weather.  The  ventilators  were  regulated  by  means  of  a  shut  off  at 
the  ceiling. 

The  house  was  divided  into  ten  breeding  pens,  each  6  feet  by  10 
feet  8  inches.  The  partitions  between  the  pens  consisted  of  an  84nch 
board  at  the  bottom  with  3  feet  of  1-inch-mesh  wire  above.  A  walk 
2i  feet  wide  extended  along  the  back  of  the  building.  The  doois 
which  led  from  the  walk  to  the  pens  were  made  to  swing  both  ways 
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and  were  coTered  with  wire.  A  brooder  was  placed  in  each  p«ai  with 
a  lamp  door  opening  into  iho  wsJk.  Each  of  these  pens  accommo- 
dated about  60  chicks  in  winter,  or  75  in  spring  when  they  could 
get  out  into  the  yards.  The  building,  being  low  posted,  was  kept 
warm  enough  in  winter  by  the  trai  brooder  stoves,  and  the  tempera- 
ture under  the  hovers  was  usually  found  in  the  morning  about  the 
same  as  it  was  left  the  night  b^re. 

This  house  proved  to  be  thoroughly  satisfactory,  but  was  burned  in 
the  spring  of  1897  and  has  not  been  replaced.  A  permanent  brooder 
house  would  be  indispensable  for  the  raising  of  winter  chickens,  and 
a  house  piped  for  hot  water  would  have  some  advantages  over  the 
one  here  described.  The  advantages  are  especially  great  when 
raiang  chickens  if  April  or  May  prove  to  be  cold  or  wet,  for  then  the 


FN.  I.— PoiUMa  brooder  luun. 

small  houses  are  apt  to  be  cold  outside  of  the  brooders.  In  ordinary 
seasons,  even  in  MJaine,  little  or  no  difficulty  is  experienced  in  raiung 
chicks  hatched  in  April  and  May  in  the  small  houses.  The  expendi- 
ture would  be  greater  for  the  piped  house,  for  the  reason  that  colony 
houses  should  be  provided  in  which  the  chickens  may  be  sheltered 
after  they  leave  the  brooder  house. 

Since  the  burning  of  the  house  just  described,  the  Maine  station  has 
used  small  portable  brooder  houses  (see  fig.  1).  The  small  brooder 
houses  built  on  runners  are  readily  moved  about,  and  for  the  work 
with  spring-hatched  chickens  are  preferred  to  the  large  permanent 
brooder  bouse.  Several  st^es  and  sizes  have  been  used,  but  the  fol- 
lowing meets  the  needs  of  the  station  better  than  any  other  that  has 
been  tried.  The  houses  are  built  on  two  16-foot  pieces  of  4  by  6  inch 
timber,  iriuch  serve  as  nmners.    The  ends  of  the  timbers,  which 
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project  beyond  the  house,  are  chamfered  on  the  underside  to  fadli- 
tate  moving.  The  houses  are  12  feet  long;  some  of  them  are  6  feet 
and  others  7  feet  wide;  7  feet  is  the  better  width.  They  are  6  feet 
high  in  front  and  4  feet  high  at  the  back.  The  frame  is  of  2  by  3  inch 
lumber;  the  floor  is  double  boarded,  and  the  buflding  is  boarded  and 
covered  with  a  good  quality  of  heavy  roofing  paper.  Formerly  shin- 
gles were  used  for  the  outside  covering,  but  paper  is  preferred  and  is 
now  used  exclusively.  This  kind  of  covering  for  the  wall  is  not  so 
likely  to  be  injured  in  moving  as  shinies.  A  door  2  feet  wide  is  in 
the  center  of  the  front  and  a  6-Iight  window,  hinged  at  the  top,  is  on 
each  side  of  it.  Two  brooders  are  placed  in  each  of  tKese  houses  and 
50  to  60  chicks  are  put  with  each  brooder.  A  low  partition  separatee 
the  flocks  while  they  are  yoimg,  but  later  it  has  to  be  made  higher. 
The  houses  are  large  enough  so  that  a  person  can  go  in  and  do  the 
work  comfortably,  and  each  one  accommodates  100  chicks  until  the 
cockerels  are  large  enough  to  \^  removed.  One  of  these  houses  is 
shown  in  figure  1. 

All  improvement  has  recently  been  made  in  these  brooder  houses 
by  providing  for  better  ventilation.  When  the  weather  is  very  hot 
there  is  no  movement  of  air  within  one  of  these  hoi|ses,  even  thou^ 
the  door  and  windows  are  open.  The  air  within  the  house  is  practi- 
cally stagnant  and,  on  account  of  its  relatively  small  volume,  becomes 
intensely  hot  and  stifling  when  the  temperature  outside  gets  high. 
The  effect  on  the  chicks  under  such  circumstances  is  bad.  They 
retreat  to  the  houses  to  get  shade,  but  only  to  be  injured  if  not  killed 
by  the  hot,  stifling  air  of  the  house.  To  remedy  this  difficulty  a  slot 
2  feet  long  and  1  foot  wide  has  been  cut  in  the  back  of  each  house 
high  up  under  the  eaves.  This  slot  is  closed  with  a  wooden  slide 
running  in  grooves  which  are  put  on  the  outside  of  the  house.  The 
opening  is  covered  on  the  inside  with  2-inch  mesh  chicken  wire.  On 
very  hot  days  the  slide  is  pulled  out  completely  so  as  to  expose  the 
whole  opening  of  the  slot.  At  night  or  during  a  period  of  wet,  cold 
weather  the  size  of  the  opening  is  regulated  to  suit  the  conditions.  It 
enables  one  to  keep  a  current  of  fresh  air  through  the  house  in  the 
warmest  weather.  The  effect  on  the  well-being  of  the  chicks  during 
a  period  of  hot  weather  is  most  marked  and  satisfactory. 

Indoor  brooders  are  used  at  the  Maine  station  and  are  much  pre- 
ferred to  any  outside  brooders  the  station  has  tried.  The  style  used 
has  the  cover  and  part  of  one  side  arranged  to  turn  down,  making  an 
inclining  run  the  whole  width  of  the  brooder,  up  and  down  which  the 
Uttle  chicks  can  go  without  crowding. 

Most  kinds  of  brooders  as  now  made  keep  the  chicks  comfortable 
at  desired  temperatures  and  have  good  means  of  ventilation.  The 
great  difficulty  lies  in  the  lamps  used.    The  lamp  apartments  are 
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small  and  the  tendency  is  for  the  oil  to  become  warm  and  form  gases 
which  cause  the  flame  to  stream  up  and  make  trouble.  Most  brooder 
lamps  have  water  pans  between  the  oil  tank  and  the  burner  which 
tend  to  keep  the  oil  cool,  but  even  with  this  precaution  the  Maine 
station'  has  had  two  fires,  one  of  which  was  very  serious.  The 
broodeiB  now  in  use  have  no  water  pans,  but  are  so  arranged  that  cur- 
rents of  cool  air  pass  constantly  over  the  oil  tank  and  keep  its  con- 
tents cool.  These  lamps,  or  stoves,  have  been  used  for  four  years — 
last  year  more  than  20  of^them — and  they  are  apparently  safe. 

TBEATMENT  OF  YOUNG  CHICKS. 

When  the  chicks  are  30  to  40  hours  old  they  are  carried  in  warm 
covered  baskets  to  the  brooders,  and  50  or  60  are  put  under  each 
hover,  where  the  temperature  is  between  96®  and  100**  F.  The  tem- 
perature is  not  allowed  to  fall  below  95**  F.  during  the  first  week,  or 
90**  F.  during  the  second  week;  then  it  is  gradually  reduced  according 
to  the  temperature  outside,  care  being  taken  not  to  drive  the  chicks 
out  by  too  much  heat,  or  cause  them  to  crowd  together  under  the 
hover  because  they  are  cold.  They  should  flatten  out  separately 
when  young,  and  a  little  later  lie  with  their  heads  just  at  the  edge  of 
the  fringe  of  the  hover.  They  should  never  be  allowed  to  huddle 
outside  of  the  brooder.  They  huddle  because  they  are  cold,  and  they 
should  be  put  imder  the  hover  to  get  warm,  until  they  learn  to  go 
there  of  their  own  accord.  Neither  should  they  be  allowed  to  stay 
under  the  hover  too  much,  but  in  the  daytime  should  be  forced  out 
into  the  cooler  air  where  they  gain  strength.  They  ought  not  to  be 
allowed  to  get  more  than  a  foot  from  the  hover  during  the  first  two 
days;  then  a  little  farther  away  each  day,  and  down  onto  the  house 
floor  about  the  fourth  or  fifth  day,  if  the  weather  is  not  too  cold. 
They  must  not  get  cold  enough  to  huddle  or  cry,  but  must  come  out 
from  under  the  hover  frequently. 

The  floor  of  the  brooder  is  cleaned  every  day  and  kept  will  sprinkled 
with  sharp,  fine  crushed  rock,  known  in  the  market  as  "chicken  grit." 
The  floor  of  the  house  is  covered  with  clover  leaves  or  with  hay  chaff 
from  the  feeding  floor  in  the  cattle  bams. 

FBBDING  YOUNQ  CHICKENS. 

The  best  method  of  feeding  young  chicks  is  at  present  a  matter 
of  some  uncertainty,  and  it  is  doubtful  if  there  ever  will  be  general 
agreement  as  to  the  one  best  method.  One  condition,  however, 
appears  to  be  imperative,  and  that  is  that  the  young  things  be  not 
allowed  to  overeat.  A  number  of  different  methods  of  feeding 
young  chickens  have  been  used  at  the  station  in  the  past.  The  most 
useful  of  these  methods  follow. 
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Method  1. — ^Infertile  eggs  are  boiled  for  half  an  hour  and  then 
ground  m  an  ordinary  meat  chopper,  sheUs  included,  and  mixed 
with  about  six  times  their  bulk  of  rolled  oats,  by  rubbing  both 
together.  This  mixture  is  the  feed  for  two  or  three  days,  until  the 
chicks  have  learned  how  to  eat.  It  is  fed  with  chick  grit,  on  the 
brooder  floor,  on  the  short  cut  clover  or  chaff. 

About  the  third  day  the  chicks  are  fed  a  mixture  of  hard,  fine- 
broken  grains,  as  soon  as  they  can  see  to  eat  in  the  morning.  The 
mixture  now  used  has  the  following  compoidtion: 

Parts  br  weli^t. 

Cracked  wheat 16 

Pinhead  oats  (granulated  oat  meal) 10 

Fine  screened  cracked  com 15 

Fine  cracked  peas 3 

Broken  rice 2 

Chick  grit 5 

Fine  charcoal  (chick  size) 2 

It  is  fed  on  the  Utter,  care  being  taken  to  limit  the  quantity,  so 
they  shall  be  hungry  at  9  o'clock  a.  m. 

Several  of  the  prepared,  dry,  commercial  chick  feeds  may  be  sub- 
stituted for  the  broken  grains.  They  are  satisfactory  when  made  of 
good,  clean,  broken  grains  and  seeds,  but  they  contain  no  secret 
properties  that  make  them  more  desirable  than  the  home-mixed 
broken  grains  mentioned  above.  Their  use  is  simply  a  matter  of 
convenience.  When  only  a  few  chicks  are  raised,  it  is  generally 
more  convenient,  aAd  probably  not  more  expensive,  to  buy  the 
prepared  feed,  but  when  many  are  raised  it  is  less  expensive  to  use 
the  home-mixed  feeds. 

Sharp  grit,  finA  charcoal,  and  clean  water  are  always  before  the 
chicks.  At  9  o'^^iock  the  rolled  oats  and  egg  mixture  is  fed  in  tin 
plates  with  low  rims.  After  they  have  had  the  feed  before  them 
five  minutes  the  dishes  are  removed  and  they  have  nothing  to  lunch 
on.  At  12  30  o'clock  the  hard-grain  mixture  is  fed  again,  as  in  the 
morning,  and  at  4.30  or  5  o'clock  they  are  fed  all  they  will  eat  in 
half  an  hour  of  the  rolled  oats  and  egg  mixture. 

When  they  are  about  3  weeks  old  the  rolled  oats  and  egg  mixture 
is  gradually  displaced  by  a  mixture  having  the  following  composition: 

Parts  by  wel^t. 

Wheat  bran  (clean) 2 

Com  meal 4 

Middlings,  or  *'  red  dog"  flour 2 

Linseed  meal 1 

Screened  beef  scrap 2 

This  mixture  is  moistened  with  water  just  enough  so  that  it  ifl 
not  sticky,  but  will  crumble  when  a  handful  is  squeeaced  and  then 
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released.  The  birds  are  developed  far  enough  by  this  time  so  that 
the  tin  plates  are  discarded  for  light  troughs  with  low  sides.  Young 
chicks  like  the  moist  mash  better  than  that  not  moistened,  and  will 
eat  more  of  it  in  a  short  time.  There  is  no  danger  from  the  free  use 
of  the  properly  made  mash  twice  a  day,  and  since  it  is  already  ground 
the  young  birds  can  eat  and  digest  more  of  it  than  when  the  feed  is 
aU  coarse.  This  is  a  very  important  fact,  and  should  be  taken 
advantage  of  at  the  tune  when  the  young  chicks  are  most  susceptible 
to  rapid  growth,  but  the  development  must  be  moderate  during  the 
first  few  weeks.  The  digestive  organs  must  be  kept  in  normal  con- 
dition by  the  partial  use  of  hard  feed,  and  the  gizzard  must  not  be 
deprived  of  its  legitunate  work  and  allowed  to  become  weak  by 
disuse. 

By  the  time  the  chicks  are  5  or  6  weeks  old  the  small  broken 
grains  are  discontinued  and  the  two  litter  feeds  are  wholly  of  screened 
cracked  com  and  whole  wheat.  Only  good  clean  wheat  that  is  not 
sour  or  musty  should  be  used. 

When  young  chicks  are  fed  as  described,  the  results  have  always 
been  satisfactory  if  the  chicks  have  not  been  given  too  much  of  the 
scratch  feed  and  if  the  dishes  of  groimd  material  have  been  removed 
immediately  after  the  meal  was  completed.  The  objections  to  this 
system  of  feeding  are  the  extra  labor  involved  in  preparing  the  eggs, 
mining  the  feed  with  water,  and  removing  the  troughs  at  the  proper 
time. 

Method  2. — ^This  is  like  Method  1,  except  that  fine  beef  scrap  is  used 
instead  of  boiled  eggs  and  the  mash  is  not  moistened. 

Early  in  the  morning  the  chicks  are  given  the  hard  feed  on  the 
floor  litter  as  described  in  Method  1.  At  9  o'clock  they  are  fed  a 
mixture  having  the  following  composition: 

Parts  by  w«l^t. 

Rolled  oats 2 

Wheat  bran 2 

Com  meal 2 

LinBeed  meal 1 

Screened  beef  scrap 1 

This  is  given  in  the  plates  or  troughs,  and  the  dishes  are  removed 
after  ten  minutes'  use. 

At  12.30  the  hard  grains  are  fed  again,  and  at  4.30  or  5  the  dry- 
meal  mixture  is  given  to  them  for  half  an  hour  or  left  until  their 
bedtime.  The  meal  being  diy,  the  chicks  can  not  eat  it  as  readily 
as  they  can  the  egg  and  rolled  oats  or  the  moistened  mash.  For 
that  reason  it  is  left  for  them  to  ieed  upon  longer  than  when  mois- 
tened with  the  egg  and  water,  but  is  never  left  before  them  more 
than  ten  minutes  at  the  9-o' clock  feeding  time.  The  aim  is  to  give 
them  enough  at  each  of  the  four  meals  so  that  their  desire  for  food 
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may  be  satisfied  at  the  time,  but  to  make  sure  that  they  have  nothing 
left  to  lunch  upon.  It  is  desired  to  have  their  crops  empty  of  feed 
before  feeding  them  again.  When  treated  in  this  way  they  will  have 
sharp  appetites  when  the  feeder  appears,  and  come  racing  out  from 
the  brooder  to  meet  him.  If  they  have  been  overfed  at  the  previous 
meal,  and  have  lunched  when  they  saw  fit,  they  do  not  care  for  the 
feeder's  coming.  If  overfed  a  few  times  the  creatures  become 
debilitated  and  worthless. 

What  has  been  said  so  far  is  with  reference  to  chicks  that  are 
hatched  out  in  early  spring,  at  a  season  of  the  year  when  it  is  impos- 
sible under  the  climatic  conditions  in  Maine  for  them  to  get  out  of 
doors  for  work. 

Method  8. — ^This  is  like  Method  2,  except  that  the  first  mash  for 
the  young  chicks  has  the  following  composition: 

Parts  by  weight. 

Wheat  bran 4 

Com  meal 3§ 

Linseed  meal 1 

Screened  beef  scrap 2 

Alfalfa  meal 1 

This  mixture  is  scalded  and  then  dry  rolled  oats  are  mixed  with  it 
in  the  proportion  of  2  parts  rolled  oats  to  6  parts  of  the  mixture. 
The  reason  for  mixing  in  this  way  is  that  it  has  been  found  by  expe- 
rience that  if  rolled  oats  are  mixed  with  the  other  materials  of  the 
mash  before  scalding  there  is  a  tendency  for  the  mash  to  be  soggy 
after  it  is  wet.  Mixing  in  the  way  here  outlined  has  been  foimd  to 
improve  the  mash  greatly. 

This  mash  and  the  dry  grains  are  fed  as  in  Method  2  until  the 
chicks  are  about  3  weeks  old.  From  3  weeks  on  to  6  or  8  weeks 
the  composition  of  the  mash  is  as  follows: 

Parts  by  weight 

Wheat  bran 2 

Com  meal 3 

Linseed  meal ) 

Daisy  flour 1 

Beef  scrap 1 

Method  4. — When  warm  weather  comes  and  the  later-hatche% 
chicks  are  able  to  get  out  on  the  ground  they  find  much  to  amuse  theni; 
and  they  work  hard  and  are  able  to  eat  and  digest  more  feed. 
Under  these  conditions  the  dry-meal  mixture  described  in  Method  2 
is  kept  constantly  before  them  in  troughs,  with  good  results.  Yfitii 
two  feeds  a  day  of  the  broken  grains  in  the  litter  they  have  hard  feed 
enough  to  insure  health  and  they  can  safely  peck  away  at  the  dry-meal 
mixture — a  mouthful  or  two  at  a  time — when  they  seem  to  happen 
to  think  of  it,  and  thrive.  This  method  has  been  considerably  used 
in  feeding  April  and  May  hatched  chicks.     Many  times  the  results 
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from  it  have  been  good.  At  other  times,  when  the  weather  was 
dark  and  raw  out  of  doors  and  the  little  things  were  held  inside, 
they  would  hang  around  the  troughs  and  overeat.  They  would  grow 
rapidly  for  a  few  days,  then  commence  to  go  lame,  eat  Uttle,  and 
seek  the  warm  hover  never  to  recover. 

Method  .5. — This  consists  in  feeding  the  cracked  com,  cracked 
wheat,  pin-head  oats,  and  millet  seed  in  the  litter  four  times  a  day, 
and  keepmg  a  trough  of  fine  beef  scrap  within  reach  all  the  time. 
Sometimes  commercial  chick  feeds  have  been  used  instead  of  the 
cracked  com,  wheat,  oats,  and  millet.  By  this  system  the  losses 
of  birds  have  been  small  when  the  feeding  has  not  been  so  Uberal  as 
to  clog  the  appetite.  Much  care  is  necessary  in  adjusting  the  quan- 
tity of  feed  to  the  needs  of  the  birds. 

Other  methods  of  feeding  young  chicks  have  been  tried  and  the 
results  watched.  Method  1  has  been  used  for  several  years  and  no 
other  has  been  found  that  gives  better  growth  or  less  losses  of  birds. 
The  only  objection  to  it  is  the  labor  required  in  preparing  the  feed. 
In  the  work  of  the  station  Method  3  is  now  preferred  and  used. 
The  losses  of  chicks  are  small  by  either  of  the  methods.  The  labor 
in  Method  2  is  considerably  less  than  is  required  in  Method  1. 
Where  either  Methods  1,  2,  or  3  are  used  the  Uability  of  injury  t-o 
the  chicles  is  much  less  than  when  Methods  4  or  5  are  followed. 

There  are  no  mysteries  connected  with  the  raising  of  the  young 
chickens.  Every  chick  that  is  well  hatched  out  by  the  twenty-first 
day  of  incubation  should  live,  and  will  do  so  as  a  rule  if  kept  dry, 
at  reasonable  temperatures,  and  not  allowed  to  overeat. 

The  most  careful  work  of  th6  poultryman  during  the  whole  year 
is  required  in  getting  the  chicks  through  the  first  three  weeks  of 
their  lives  successfully.  If  they  are  vigorous  up  to  the  fourth  week, 
there  is  Httle  Uability  of  injuring  them  thereafter  by  any  system  of 
feeding,  if  it  is  only  generous  enough  and  they  have  their  Uberty. 

FEEDIHO  CHICKEHS  OH  THE  HAHOE. 

By  the  middle  of  June  the  chickens  that  were  hatched  in  April 
are  being  fed  on  cracked  com,  wheat,  and  the  mash.  At  about  that 
time  the  portable  houses  containing  the  chickens  are  drawn  from 
their  winter  locations  out  to  an  open  hayfield  where  the  crop  has 
been  harvested  and  the  grass  is. short  and  green.  If  not  too  much 
worn,  the  same  field  may  be  used  a  second  season  for  chickens,  but 
this  is  not  recommended.  A  new,  clean  piece  of  turf  land  should  be 
used  each  year.     Two  acres  should  be  allowed  for  each  1,000  chickens. 

When  the  chickens  are  moved  to  the  range,  the  sexes  are  separated. 
The  methods  of  feeding  the  cockerels  and  pullets  differ,  and  there 
has  been  a  gradual  change  in  the  methods  of  feeding.     Each  method 
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has  given  good  results.  The  changes  have  been  introduced  to  save 
labor.  After  the  chickena  were  moved  to  the  range  they  were  fed  in 
the  morning  and  evening  with  a  moistened  mixture  of  com  meaJ, 
middlings,  and  wheat  bran,  to  which  one-tenth  as  much  beef  scrap 
was  added.     The  other  two  feeds  were  of  wheat  and  cracked  com. 

In  1904  a  change  was  made  in  the  manner  of  feeding  1,400  fenule 
chickens  by  omitting  the  moist  mash  and  keeping  in  separate  slatted 
troughs  cracked  com,  wheat,  beef  scrap,  cracked  bone,  oyster  shell, 
and  grit  where  they  could  help  themselves  whenever  they  deeired  to 
do  so.  Grit,  bone,  oyster  shell,  and  clean  water  were  always  sup- 
phed.  There  were  do  r^;ular  hours  for  feeding,  but  care  was  taken 
that  the  troughs  were  never  empty. 

In  1906  another  trough  containing  a  dry  mash  consisting  of  1  part 
wheat  bran,  2  parts  com  meal,  1  part  middlings,  and  1  part  beef  scrap 
was  used  in  addition  to  those  containing  the  grains.  The  results  were 
satisfactory.  The  labor  of  feeding  was  far  less  than  that  required  by 
any  other  method  tried.  The  birds  did  not  hang  around  the  trou^is 
and  overeat,  but  helped  themselves,  a  little  at  a  time,  and  ranged  off, 
hunting  or  playing,  and  coming  back  again  to  the  food  supply  at 
the  troughs  when  so  inclined.  There  was  no  rushing  or  crowding 
about  the  attendant,  as  is  usual  at  feeding  time  where  large  numbera 
are  kept  together.  While  the  birds  liked  the  beef  scrap,  they  did 
not  overeat  of  it.  During  the  range  season,  from  June  to  the  close 
of  October,  the  birds  ate  just  about  1  pound  of  the  scrap  to  10  pounds 
of  the  cracked  com  and  wheat.  This  is  practically  the  proportion 
eaten  when  the  moist  mash  was  used. 

THB  TBBDINa  TBOtTQH. 

The  difficulty  of  keeping  the  feed  clean  and  dry  during  continued 
exposure  is  nearly  overcome  by  using  troughs  with  slatted  sides  and 
broad,  detachable  roofs  (figs.  2 
and  3).  The  troughs  are  from 
6  to  10  feet  long,  with  the  sides  5 
inches  high.  The  lath  slats  axe 
2  inches  apart,  and  the  troughs 
are  16  inches  high  from  floor  to 
roof.  The  roofs  project  about  2 
BidM,  with  cover  <m.  ^^y^^  ^^  ^j^^  gj j^g  ^jj j  effectually 

keep  out  the  rain  except  when  high  winds  prevail. 

The  roof  is  very  easily  removed  by  lifting  one  end  and  sliding  it 
endwise  on  the  opposite  gable  end  on  which  it  rests,  as  shown  in 
figure  3.  The  trough  can  then  be  filled  and  the  roof  drawn  back  into 
place  without  lifting  it.     This  arrangement  is  economical  of  feed, 
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keeping  it  in  good  condition  and  avoiding  waste.     Wben  dry  mash  is 
used  there  may  be  considerable  waste  by  the  finer  parts  being  blown 
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away,  and  on  this  account  the  dry-mash  trough  should  be  put  in  a 
sheltered  place  out  of  the  reach  of  wind. 

FEBDIHO  THE  COCKEBELS  FOB  HABKET. 

At  the  Maine  station  most  of  the  cockerels  are  to  be  used  for  breed- 
ing purposes,  and  they  are  fed  in  flocks  of  about  100  on  the  range  in 
about  the  same  way  as  the  pullets.  The  dry-feed  method  is  now 
used  for  them  as  satisfactorily  as  for  the  pullets. 

A  very  large  proportion  of  the  cockerels  raised  in  New  England  are 
sent  to  the  market  aUve,  without  beii^  fattened.  Quite  extended 
ezperiments  at  the  Maine  station  with  many  birds  in  different  years 
indicate  veiy  clearly  that  keeping  the  cockerels  for  a  few  weeks  with 
special  feeding  will  add  materially  to  the  selling  price.  Not  infre- 
quently this  will  make  the  difference  between  loss  from  the  low  price 
obtained  for  slow-selling  unfattened  birds  and  the  profit  from  com- 
paratively quick-selling  specially  fed  birds  at  a  much  higher  price. 
The  higher  price  is  due  partly  to  the  increased  weight  and  partly  to 
the  superior  quality  of  the  well-covered  soft-fleshed  chickens.  As 
the  bulletins  containing  the  results  of  these  feeding  experiments  with 
cockereU  are  out  of  print,  the  following  brief  summary  of  the  results 
obtained  is  given: 

The  number  of  pounds  of  grain  required  to  produce  1  pound  of  gain 
in  fattening  cockerels  was  ascertained  in  experiments  comparing  (1) 
the  effect  of  housing,  (2)  the  effect  of  age,  and  (3)  the  effect  of  skim 
milk.  The  grain  mixture  used  in  these  series  of  experiments  was  the 
same,  consisting  of  100  pounds  of  com  meal,  100  pounds  of  wheat 
middlings,  and  40  pounds  of  meat  meal.  This  was  fed  as  a  porridge 
thick  enough  to  drop  but  not  to  run  from  a  spoon. 

The  French  and  English  f  atteners  who  make  a  specialty  of  the  busi- 
ness, fattening  thousands  of  chickens  each  year,  confine  the  chickens 
in  small  coops.  The  coops  used  at  the  Maine  station  gave  a  floor 
space  of  16  by  23  inches,  in  each  of  which  4  chickens  were  placed.    The 
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coops  were  constructed  of  laths  with  closed-end  partitions  of  boards. 
The  floors,  sides,  and  tops  were  of  laths  placed  three-quarters  of  an 
inch  apart.  By  simply  moving  the  pens  thus  constructed  the  floors 
were  kept  clean.  Vnshaped  troughs  with  3-inch  sides  were  placed 
in  front  and  about  2  inches  above  the  level  of  the  floors  of  the  coops. 
Cockerels  thus  fed  were  compared  with  others  kept  in  small  houses 
9  by  11  feet  in  size,  with  an  attached  yard  20  feet  square.  The  yard 
was  entirely  free  from  anything  that  would  serve  as  green  feed. 
Twenty  birds  were  put  in  each  of  these  houses.  As  a  result  of  experi- 
ments with  fattening  286  birds  it  was  found  that  on  the  average  7.9 
pounds  of  grain  were  required  to  produce  1  pound  of  gain  in  the  case 
of  birds  fed  in  the  coops,  and  5.9  pounds  in  the  case  of  those  fed  in 
the  small  houses  and  yards. 

An  experiment  with  150  birds  when  they  were  4  months  old  showed 
that  they  required  4.9  pounds  of  grain  to  produce  1  pound  of  gain, 
while  birds  from  the  same  stock,  when  they  were  6  months  old, 
required  7.4  poimds  of  grain  to  produce  1  pound  of  gain. 

An  experiment  with  68  birds  showed  that  when  the  porridge  was 
wet  with  skim  milk  only  4.3  pounds  of  grain  were  required  to  produce 
1  pound  of  gain,  against  5.3  pounds  when  the  porridge  was  wet  with 
water.     Eight  pounds  of  skim  riiilk  was  used  with  each  pound  of  grain. 

These  experiments  warrant  the  following  conclusions:  (1)  As  great 
gains  are  made  just  as  cheaply  and  more  easily  when  the  chickens  are 
put  into  small  houses  and  yards  as  when  they  are  fed  in  small  lots  in 
lattice  coops  just  large  enough  to  hold  them.  (2)  Four  weeks  is  about 
the  limit  of  profitable  feeding,  both  individually  and  in  flocks. 
(3)  Chickens  gain  faster  while  young. '  Birds  that  are  from  150  to 
175  days  old  have  uniformly  given  comparatively  small  gains.  (4)  The 
practice  of  successful  poultrymen  selling  chickens  at  the  earliest 
marketable  age  is  well  founded.  The  spring  chicken  sold  at  Thanks- 
giving time  is  an  expensive  product. 

The  experiments  clearly  indicate  that  it  is  profitable  to  fatten 
chickens  in  cheaply  constructed  sheds  or  in  large  coops  with  small 
runs  for  about  four  weeks  and  then  send  them  to  market  dressed. 
In  quality  the  well-covered,  soft-fleshed  chickens  are  so  much  supe- 
rior to  the  same  birds  not  speciaUy  prepared  that  the  former  will 
be  sought  for  at  a  higher  price.  The  dairy  farmer  is  particularly 
well  prepared  to  carry  on  this  work,  as  he  has  the  skim  milk  which 
these  experiments  show  to  be  of  so  great  importance  in  obtaining  cheap 
rapid  growth  and  superior  quality  of  flesh. 

HOXJSnrG  THE  HEHS. 

When  work  in  poultry  management  was  first  undertaken  at  the 
University  of  Maine,  the  hens  were  kept  in  small  colcmies  in  accord 
with  what  was  at  that  time  believed  to  be  the  best  practice.     Houses 
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10  feet  square  were  erected  with  the  idea  of  accommodating  about  15 
birds  each.  Although  the  houses  were  well  warmed  they  were  apt  to 
be  damp  and  lined  with  white  frost  in  very  cold  weather,  when  the 
windows  had  to  be  kept  shut  to  protect  the  birds  from  cold  at  night. 
Another  disadvantage  of  this  kind  of  house  is  its  small  size.  A  per- 
son can  not  care  for  hens  in  such  small  pens  without  getting  them 
into  a  condition  of  unrest  for  fear  of  being  cornered  in  such  a  small 
room.  The  question  of  extra  labor  in  caring  for  hens  in  these  small 
colonies  scattered  over  quite  a  large  area  is  an  important  factor  in 
a  commercial  plant.  When  the  Maine  station  began  experiments  in 
1897  a  warmed  house  150  feet  long  by  16  feet  wide  was  erected.  As 
before  mentioned^  this  house  was  burned  the  next  spring,  but  was 
replaced  by  another  of  the  same  kind.  This  warmed  house,  while 
constructed  after  the  most  approved  model  of  the  time,  has  never 
been  a  satisfactory  house  for  laying  hens.  In  recent  years  it  has  been 
used  only  for  the  keeping  of  surplus  stock  and  for  carrying  cockerels 
over  the  winter.  It  has  now  been  abandoned  entirely  in  favor  of 
curtain-front  houses  to  be  described  below. 

THE  BOOSTINO-CLOSBT  HOTJSB. 

Seven  years  ago  one  of  the  10-foot  square  houses  described  above 
was  taken  for  a  nucleus  and  an  addition  made,  so  that  the  recon- 
structed house  was  10  feet  wide  and  25  feet  long.  The  inside  end 
of  the  old  house  was  taken  out,  so  that  there  is  one  room  with  a  floor 
space  of  250  square  feet.  The  walls  are  about  5^  feet  high  in  the  clear 
inside  of  the  building.  The  whole  of  the  front  wall  is  not  filled  in, 
but  a  space  3  feet  wide  and  15  feet  long  is  left  just  under  the  plate. 
This  space  had  a  frame  covered  with  white  drilling,  hinged  at  the  top 
on  the  inside,  so  it  can  be  let  down  and  buttoned  during  driving  storms 
and  winter  mghts,  but  himg  up  out  of  the  way  at  all  other  times. 
The  cloth  of  the  outer  curtain  is  oiled  with  hot  linseed  oil.  The  roost 
platform  extends  the  whole  length  of  the  back  of  the  room.  It  is  3 
feet  4  inches  wide  and  3  feet  above  the  floor.  The  back  wall  and  up 
the  roof  for  4  feet  is  lined  and  the  space  filled  and  packed  hard  with 
fine  hay.  The  packing  also  extends  part  way  across  the  ends  of  the 
room. 

Two  roosts  are  used,  but  they  do  not  take  the  whole  length  of  the 
platform,  a  space  of  4  feet  at  one  end  being  reserved  for  a  crate  where 
broody  hena  can  be  confined  until  the  desire  for  sitting  is  overcome. 
TTie  space,  from  the  front  edge  of  the  platform  up  to  the  roof,  is 
covered  by  frame  curtains  of  drilling,  similar  to  the  one  on  the  front 
wall,  except  that  it  is  not  oiled.  They  are  hinged  at  the  top  edge  and 
kept  turned  up  out  of  the  way  during  daytime,  but  from  the  com- 
mencement of  cold  weather  until  spring  they  are  closed  down  every 
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night  after  the  hens  go  to  roost.  The  hens  are  shut  in  this  dose 
roosting  closet  and  kept  there  during  the  night,  and  are  released  as 
early  in  the  morning  as  they  can  see  to  scratch  for  the  grain  which  is 
sprinkled  in  the  8-inch  deep  straw  on  the  floor. 

The  roosting  closet  has  been  closely  observed  and  has  never  been 
damp  or  its  odors  offensive  when  opened  in  the  mornings.  There  was 
very  little  freezing  in  the  closets  in  the  coldest  weather.  The  birds 
seemed  to  enjoy  coming  out  of  the  warm  sleeping  closet  down  into  the 
cold  straw,  .which  was  always  dry,  because  the  whole  house  was  open 
to  the  outside  air  and  sun  every  day.  There  were  no  shut-off  comers 
of  floor  or  closet  that  were  damp. 

This  building  was  used  through  five  winters  with  50  hens  in  it. 
The  birds  laid  as  well  as  the  others  in  the  large  warmed  house;  their 
combs  were  red  and  their  plumage  bright,  and  they  gave  every 
evidence  of  perfect  health  and  vigor.  While  they  were  on  the  roosts 
they  were  warm.  They  came  down  to  their  breakfasts  and  spent  the 
day  in  the  open  air.  Such  treatment  gives  vigor  and  snap  to  the 
human  being,  and  it  seems  to  work  equally  well  with  the  hen. 

This  house  was  given  the  name  of  the  ''pioneer"  house. 

CIIBTAIN-FBONT  HOUSES. 

The  result  of  the  use  of  the  ''pioneer"  house  indicated  that  this 
was  a  correct  system  of  treating  and  housing  hens,  and  it  was  decided 
to  build  several  houses  on  the  same  plan  and  join  them  together 
imder  one  roof  as  one  house. 

A  curtain-front  house  12  feet  wide  by  160  feet  long,  known  as 
house  No.  2,  was  erected  in  1903.  The  back  wall  is  5  feet  6  inches 
high  from  floor  to  top  of  plate  inside,  and  the  front  wall  is  6  feet  8 
inches  high.  The  roof  is  of  unequal  span,  the  ridge  being  4  feet  in 
from  the  front  waU;  and  the  height  of  the  ridge  above  the  floor  is  9 
feet.  The  sills  are  4  by  6  inches  in  size  and  rest  on  a  rough  stone 
wall  laid  on  the  surface  of  the  ground.  A  central  sill  gives  support 
to  the  floor,  which  at  times  is  quite  heavily  loaded  with  sand.  The 
floor  timbers  are  2  by  8  inches  in  size  and  are  placed  2  feet  apart;  the 
floor  is  of  two  thicknesses  of  hemlock  boards.  All  the  rest  of  the 
frame  is  of  2  by  4  inch  stuff.  The  building  is  boarded,  papered,  and 
shingled  on  roof  and  walls.  The  rear  wall  and  4  feet  of  the  lower 
part  of  the  rear  roof  are  ceiled  on  the  inside  of  the  studding  and 
plates,  and  the  space  between  inner  and  outer  walls  is  packed  very 
hard  with  dry  sawdust.  In  order  to  make  the  sawdust  packing  con- 
tinuous between  the  wall  and  roof,  the  wall  ceiling  is  carried  up  to 
within  6  inches  of  the  plate;  then  follows  up  inclining  pieces  of  stud- 
ding to  the  rafters,  the  short  pieces  of  studding  being  nailed  to  the 
studs  and  rafters.     By  this  arrangement  there  are  no  slack  places 
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around  the  plate  to  admit  cold  air.  The  end  walls  are  packed  in  the 
same  way.  The  house  is  divided  by  close-board  partitions  into  seven 
20-foot  sections;  one  10-foot  section  is  reserved  at  the  lower  end  for 
a  feed-storage  room. 

Each  of  the  20-foot  sections  has  two  12-light  outside  windows 
screwed  onto  the  front,  and  the  space  between  the  windows  (which  is 
8  feet  long)  for  a  distance  of  3  feet  down  from  the  plate  is  covered 
during  rough  winter  storms  and  cold  nights  by  a  light  frame  covered 
with  10-ounce  duck,  oiled  and  closely  tacked  on.  This  door,  or  cur- 
tain, is  hinged  at  the  top  and  swings  in  and  up  to  the  roof  when  open. 

In  the  front  of  each  section  is  a  door  2  feet  6  inches  wide.  The 
roost  platform  is  at  the  back  of  each  room  and  extends  the  whole 
20  feet.  The  platform  is  3  feet  6  inches  wide  and  3  feet  above  the 
floor.  The  roosts  are  of  2  by  3  inch  stuff  placed  on  edge  and  are  10 
inches  above  the  platform.  The  back  one  is  11  inches  out  from  the 
wall,  and  l^he  space  between  the  two  roosts  is  16  inches,  leaving  15 
inches  between  the  front  roost  and  the  duck  ciurtain,  which  is  sufficient 
to  prevent  the  curtain  being  soiled  by  the  birds  on  the  roost.  The 
two  curtains  in  front  of  the  roost  are  similar  to  the  one  in  the  front  of 
the  house,  except  that  they  are  not  oiled.  They  are  each  10  feet  long 
by  30  inches  wide,  hinged  at  the  top,  and  open  into  the  room  and 
fasten  up  when  not  in  use.  Great  care  was  exercised  in  constructing 
the  roosting  closets  to  have  them  as  nearly  air-tight  as  possible, 
except  as  air  might  come  in  through  the  cloth  curtain. 

Single  pulleys  are  hung  at  the  rafters,  and  by  means  of  a  ropp 
fastened  to  the  lower  edge  of  the  curtain  frames  it  is  easily  raised  or 
lowered  and  kept  in  place. 

Six  trap  nests  are  placed  at  one  end  of  each  room  and  four  at  the 
other.  They  are  put  near  the  front  so  that  the  light  may  be  good  for 
reading  and  recording  the  numbers  on  the  leg  bands  of  the  birds. 
Several  shelves  are  put  on  the  walls  18  inches  above  the  floor  for  shell, 
grit,  bone,  etc.  The  doors  which  open  from  one  room  to  another 
throughout  the  building  are  frames  covered  with  10-ounce  duck,  so  as 
to  make  them  light,  and  are  hung  with  double-action  spring  hinges. 
The  advantages  of  having  all  doors  push  from  the  person  passing 
through  are  very  great;  otherwise  they  would  hinder  the  passage  of 
the  attendant  with  his  baskets  and  pails.  Strips  of  old  rubber  belting 
are  nailed  aroimd  the  studs  which  the  doors  rub  against  as  they  swing 
to,  so  as  just  to  catch  and  hold  them  from  being  opened  by  the  wind. 
Tight  board  partitions  are  used  between  the  pens  instead  of  wire,  so  as 
to  prevent  drafts.  An  outside  platform  3  feet  wide  extends  across 
botJi  ends  and  the  entire  front  of  the  building. 

This  house  ftccommodates  350  hens — 50  in  each  20-foot  section — ^is 
well  made  of  good  material,  and  should  prove  to  be  durable.     A 
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rougher  building,  with  plain  instead  of  trap  nests,  and  with  the  roof 
and  walls  covered  with  some  of  the  prepared  materials  infitead  of 
shingles,  could  be  built  for  less  money,  and  would  probably  furnish  as 
comfortable  quarters  for  the  birds.  The  interior  of  one  section  ot  this 
house  is  shown  in  figure  4. 

Curtain-front  house  No.  3  was  constructed  in  1904,  It  is  16  feet 
wide  by  120  feet  long,  and  is  of  the  same  style  as  No.  2,  except  that 
it  is  wider.  There  are  four  pens  in  the  buildings  each  16  feet  wide 
by  30  feet  long.  Two  of  the  pens  are  arranged  for  100  hens  each, 
and  two  for  150  each.  For  the  150  hens  three  roosts  instead  of  two 
are  required. 

The  cloth-covered  fronts  of  the  closets  where  100  and  150  hens  roost 
are  of  the  same  size,  and  it  became  evident  early  in-  the  first  winter 


Fio.  4.— Interior  of  < 

that  the  supply  of  fresh  air  to  the  largest  flock  was  not  sufficient.  It 
was  not  practicable  to  increase  materially  the  cloth  surface  and  allow 
more  air  to  filt«r  in,  so  three  openings  were  made  in  the  upper  part  of 
the  curtain  frame,  through  which  better  ventilation  could  be  secured. 
The  openings  are  6  inches  wide  by  30  inches  long  and  are  provided 
with  W'Doden  shutters.  These  are  kept  wide  open  into  the  outer  room 
durii^  mild  nights,  but  when  high  winds  prevail  and  the  temperature 
falls  to  10  or  more  degrees  below  zero  the  openings  are  half  closed. 

The  walls  of  the  elevated  closet  are  packed  with  sawdust  4  inches  in 
thickness,  and  the  curtains  fit  very  closely,  leaving  only  small  cracks. 
The  10-ounce  duck  of  which  the  curtains  are  made  is  not  oiled.  The 
supply  of  fresh  air  is  mostly  admitted  through  the  clQth,  while  the 
breathed  warmer  air  passes  off  through  the  openings  above.     By  this 
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arrai^ment  the  birds  are  not  in  drafts  or  currents  of  air.  Where 
three  rooets  are  arranged  abreast,  instead  cf  two,  the  openings  are 
absolutely  essential,  afid  for  smaller  flocks  they  are  convenient  during 
the  mild  nights,  especially  toward  spring. 

The  latest  form  of  cnrtsin-tnnit  hoiue. — During  the  summer  of  1905 
the  management  of  a  commercial  poultry  plant  in  Orono  built  a 
curtain-front  house  to  accommodate  2,000  laying  hens.  This  was 
built  in  accordance  with  \mpublished  plans  prepared  by  the  Maine 
Experiment  Station.  The  description  is  here  given,  as  it  represents  the 
latest  development  of  this  style  of  house.  The  appearance  of  the 
house  as  a  whole  is  shown  in  figure  6. 

The  house  is  20  feet  wide  by  400  feet  long,  and  is  divided  into  20 
sections,  each  being  20  feet  square.  It  is  on  the  same  general  plan  as 
houses  Nos.  2  and  3  just  described,  but  hoiise  Ko.  2  is  12  feet  wide, 
house  No.  3, 16  feet  wide,  and  this  one  20  feet  wide.  The  widths  have 
been  increased  in  the  last  two  houses,  as  experience  has  shown  the 
advisabihty  of  it.    At  first  it  was  thought  the  houses  should  be  nar- 


no.  S.— Tin  lateat  cnrUln-rroiit  poultry  bouse. 

row  SO  they  might  dry  out  readily,  but  the  20-foot  house  dries  out 
satisfactorily,  as  the  opening  in  the  front  is  placed  high  up  so  that  the 
sun  shines  in  on  the  floor  to  the  back  in  the  shortest  winter  days. 

The  economy  in  the  cost  of  the  wide  house  over  the  narrow  ones, 
when  space  is  considered,  is  evident.  The  front  and  back  walls  in  the 
narrow  house  cost  about  as  much  per  linear  foot  as  those  in  the  wide 
house,  and  the  greatly  increased  floor  space  is  secured  by  building  in  a 
strip  of  floor  and  roof  running  lengthwise  of  the  building.  The  carry- 
ing capacity  of  a  house  20  feet  wide  is  66  per  cent  greater  than  that 
of  a  house  12  feet  wide,  and  it  is  secured  by  merely  building  additional 
floor  and  roof.  The  walls,  doors,  and  windows  remain  the  same  as  in 
the  narrow  house,  except  that  the  front  wall  is  made  a  httle  higher. 
Three  sills,  which  are  6  inches  square,  run  lengthwise  of  the  house,  the 
central  one  supporting  the  floor  timbers  in  the  middle.  They  rest  on 
a  rough  stone  wall,  high  enough  from  the  groimd  for  dogs  to  go  under 
the  building  to  look  after  rats  and  skunks  that  might  incline  to  make 
their  homes  there.    The  stone  wall  rests  on  the  surface  of  the  ground, 
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and  there  are  openings  in  it  like  cellar  windows,  every  20  feet,  to  allow 
the  air  to  draw  through  and  keep  the  basement  dry  during  the  sum- 
mer. The  floor  timbers  are  2  by  8  inches  in  size  and  rest  wholly  on 
top  of  the  sills.  All  wall: studs  rest  on  the  sills;  the  front  ones  are  8 
feet  long,  and  the  back  ones  6  feet  6  inches  long.  The  two  sides  of 
the  roof  are  imequal  in  width,  the  ridge  being  8  feet  from  the  front 
wall.  The  height  of  the  ridge  from  the  sill  to  the  extreme  top  is  12 
feet  6  inches.  All  studding  is  2  by  4  inches  in  size  and  the  rafters  are 
2  by  5  inches.  The  building  is  boarded  with  1-inch  boards,  and  is 
papered  and  shingled  with  good  cedar  shingles  on  walls  and  roof.  The 
floor  is  of  two  thicknesses  of  hemlock  boards  which  break  joints  in 
the  laying. 

The  building  is  divided  by  tight  board  partitions  into  twenty  sec- 
tions, each  section  being  20  feet  long.  All  of  the  sections  are  alike  in 
construction  and  arrangement.  The  front  side  of  each  section  has  two 
storm  windows  of  twelve  lights  of  10  by  12  inch  glass.  These  win- 
dows are  screwed  on  upright  and  2  feet  8  inches  from  each  end  of  the 
room;  they  are  3  feet  above  the  floor.  The  distance  between  the 
windows  is  8  feet  10  inches,  and  the  top  part  of  it  to  a  depth  of  3  feet 
6  inches  from  the  plate  is  not  boarded  but  is  left  open  to  be  covered 
by  the  cloth  curtain  when  necessary.  This  leaves  a  tight  wall  3  feet 
10  inches  high  extending  from  the  bottom  of  the  opening  down  to  the 
floor,  which  prevents  the  wind  from  blowing  directly  on  the  birds  when 
they  are  on  the  floor.  A  door  is  made  in  this  part  of  the  front  wall 
for  the  attendant  to  pass  through  when  the  curtain  is  open.  A  door 
16  inches  high  by  18  inches  wide  is  placed  close  to  the  floor  und^  one 
of  the  windows  for  the  birds  to  pass  through  to  the  yards  in  front.  A 
similar  door  is  in  the  center  of  the  back  wall  to  admit  them  to  the 
rear  yard  when  it  is  used. 

A  light  frame  made  of  1  by  3  inch  pine  strips  and  1  by  6  inch  cross- 
ties  is  covered  with  lO-oimce  white  duck  and  hinged  at  the  top  of  the 
front  opening,  which  it  covers  when  closed  down.  This  curtain  is 
easily  turned  up  into  the  room,  where  it  is  caught  and  held  by  swing- 
ing hooks  until  released. 

The  roost  platform  is  made  tight  and  extends  along  the  whole  length 
of  the  room  against  the  back  wall.  It  is  4  feet  10  inches  wide  and  3 
feet  above  the  floor,  being  high  enough  for  a  person  to  get  under  it 
comfortably  when  necessary  to  catch  or  handle  the  birds.  There  are 
three  roosts  framed  together  in  two  10-foot  sections.  The  tops  of  the 
roosts  are  1  foot  above  the  platform  and  hinged  to  the  back  wall,  so 
they  may  be  turned  up  out  of  the  way  when  the  platform  is  being 
cleaned.  The  back  roost  is  12  inches  from  the  wall,  and  the  spaces 
between  the  next  two  are  16  inches.  They  are  made  of  2  by  3  inch 
spruce  lumber  placed  on  edge  with  the  upper  comers  rounded  c^. 
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The  roosting  closet  is  shut  off  from  the  rest  of  the  room  by  curtains 
similar  to  the  one  described  above.  For  convenience  in  handling 
there  are  two  of  these  curtains,  each  10  feet  long.  They  are  3  feet 
wide  and  are  hinged  at  the  top  so  as  to  be  turned  out  and  hooked  up. 
The  space  above  this  curtain  is  ceiled  and  in  it  are  two  openings  each 
3  feet  long  and  6  inches  wide  for  ventilating  the  roosting  closet  when 
necessary.  In  every  compartment  there  is  a  door  placed  5  inches  out 
from  the  edge  of  the  roost  platform.  These  doors  are  3  feet  wide 
and  7  feet  high,  divided  in  the  middle  lengthwise,  and  each  half  is 
hung  with  double-acting  spring  hinges,  allowing  it  to  swing  open  both 
ways  and  close. 

Ten  nests  are  placed  in  two  tiers  agaiost  the  partition  in  each  end 
of  the  room.  They  are  of  ordinary  form,  each  nesting  space  being 
1  foot  wide,  1  foot  high,  and  1  foot  long,  with  the  entrances  near  the 
partition,  away  from  the  light,  and  with  hinged  covers  in  front  for 
the  removal  of  the  eggs.  Each  section  of  5  nests  can  be  taken  out 
without  disturbing  anything  else,  cleaned,  and  returned.  In  con- 
structing the  house  it  was  designed  to  use  these  nests  only  during  the 
first  year.  The  framework  where  they  rest  was  arranged  for  the  use 
of  trap  nests,  which  were  installed  in  October,  1906. 

Troughs  similar  to  those  described  on  page  18  are  used  for  feeding 
dry  mash,  shell,  bone,  grit,  and  charcoal. 

Two  lines  of  4  by  4  inch  spruce  are  arranged  as  an  elevated  track 
above  the  doors.  The  track  extends  the  entire  length  of  the  build- 
ing, and  being  faced  with  narrow  steel  bands  on  top,  a  suspended  car 
is  readily  pushed  along,  even  when  heavily  loaded.  The  car  plat- 
form is  2  by  8  feet  in  size,  and  is  elevated  a  foot  above  the  floor.  All 
feed  and  water  are  carried  through  the  building  on  this  car.  Ten  iron 
baskets,  into  which  the  accumidations  on  the  roost  platforms  are 
cleaned  every  morning,  are  put  on  the  car,  and  collections  are  made 
as  the  car  passes  on  through  the  pens  to  the  far  end  of  the  building, 
400  feet  away,  where  the  roost  cleanings  are  dumped  into  the  manure 
shed.  As  the  car  is  pushed  along  a  guard  at  the  front  end  comes  in 
contact  with  the  doors  and  pushes  them  open,  and  they  remain  open 
until  the  car  has  passed  on,  when  the  spring  hinges  force  them  to 
close  again.  This  car  is  a  great  saver  of  labor,  as  it  does  away  with 
nearly  all  carrying  by  the  workmen.  It  has  enabled  one  man  to  take 
good  care  of  the  2,000  hens  from  November  to  March,  except  on 
Satmrdays,  when  the  Utter  was  removed  and  renewed  by  other  men. 

At  one  end  of  the  building  there  is  a  temporary  feed  and  water 
house,  also  used  for  dish  washing  and  scalding,  where  the  car  remains 
when  not  in  use. 

There  is  a  walk  outside  of  the  building,  extending  along  its  entire 
tront.     It  is  4  feet  wide,  made  of  2-inch  plank,  and  is  elevated  2  feet 
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above  the  floor  of  the  building,  which  allows  the  doors  below  it, 
through  which  the  birds  pass  to  the  front  yards,  to  be  opened  and 
closed  without  interference.     The  door  which  opens  out  of  each  room 
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through  the  curtain  eectton  is  above  the  outside  walk  and  necessi- 
tates stepping  up  or  down  when  passing  through,  which  is  not  a  very 
serious  objection,  as  the  door  is  used  but  little  in  the  daily  work,  but 
mostly  in  the  weekly  cleaning  out  and  renewing  of  the  floor  litter.  A 
guard  of  wire  poultry  netting  1  foot  wide  along  the  outfdde  of  the  walk 
prevents  the  birds  from  flying  from  the  yards  up  to  the  walk.  The 
advant^e  of  the  elevated  walk  over  one  on  a  level  with  the  sill  of 
the  building  is  that  it  is  unobstructed  by  gates,  which,  were  the  low 
walk  used,  would  be  necessary  to  prevent  the  birds  passing  from  one 
yard  to  another. 

Detailed  working  drawings  and  speciflcations  for  one  section  or 
unit  of  this  curtain-front  house  follow.     From  these  data  anyone  can 
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figure  what  will  be  the  cost  of  building  one  of  these  houses  of  any 
desired  length  at  the  prices  of  building  material  current  in  his  locality. 
Material  needed  for  a  unit  of  curtain-front  house; 


(Spruce  ii  specified  Bimply  because  that  ia  the  material  actually  uaed  in  the  build- 
ing described.  Any  other  equally  slrotig  lumber  may  be  used.  Amounts  are  given 
in  b<mrd  feet  unleee  otherwise  specified.) 

The  following  estimalee  do  not  allow  for  waste  in  cutting. 

e  cedar  poals,  6  feet  long,  C-inch  butts. 

350  feet  2  by  4  inch  spruce  for  stude,  door,  window,  and  coop  frames. 

650  feet  2  by  8  inch  plank  for  floor  joiBts,  outaide  walk,  etc. 

180  feet  6  by  6  inch  spruce  for  sills. 

26  feet  4  by  4  inch  spruce  for  comer  studs  and  wall  stringers. 

40  feet  2  by  3  inch  spruce  for  rooete,  etc. 

215  feet  2  by  5  inch  epruco  for  rafters. 

39  feet  2  by  9  inch  spruce  for  steps. 

12  feet  2  by  6  inch  spruce  for  step  frames. 
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110  feet  1  by  8  inch  boards,  spruce,  for  braces  for  rafters. 

38  feet  1  by  9  inch  boards,  spruce,  for  doors. 

10}  feet  per  door  6-inch  boards,  spruce,  for  door  braces. 

2,300  feet  boards,  spruce  or  hemlock,  for  outside  boarding,  walls,  floor,  lool,  etc 

100  feet  boards,  spruce,  for  roost  frames. 

40  linear  feet  2  by  2  inch  spruce  planed  to  1}  by  1}  inchea. 

6  feet  2  by  1  inch  spruce. 

55  feet  spruce  boards  for  feed  and  grit  troughs. 

50  feet  pine  for  curtain  frames. 

20  laths. 

6,000  cedar  shingles. 

HABDWA&B. 

1  pair  double-acting  spring  hinges  with  screws. 

1  pair  6-inch  heavy  T  hinges  with  screws. 

7  pairs  5-inch  light  T  hinges  with  screws. 

4  pairs  3-inch  light  T  hinges  with  screws. 

2  pairs  2  by  2  inch  butts  with  screws. 

5  pairs  3  by  3  inch  butts  with  screws. 
2  dozen  No.  10  screws  2  inches  long. 
20  pounds  3-penny  shingle  nails. 

75  pounds  8-penny  common  nails. 
25  pounds  10-penny  common  nails. 
10  poimds  20-penny  common  nails. 
>  2  poimds  3-peimy  clinch  nails. 

1  pound  f-inch  staples. 

2  thumb  latches  complete  with  screws. 

MISCBLLAKmOUS. 

2  storm  windows,  12  lights,  10  by  12  inch  gjass. 

6  squares  building  paper. 

10  feet  42-inch  poultry  netting. 

3  yards  42-inch,  10-ounce  duck. 

7  yards  30-inch,  10-ounce  duck. 

Advantages  of  curtain-front  honses. — ^The  '' pioneer''  house  was  in 
use  for  five  years  with  50  pullets  in  it  each  year;  the  No.  2  house 
has  been  in  use  five  years  with  300  pullets  each  year,  the  No.  3 
house  four  years,  and  the  house  last  described  three  years.  Besides 
these  four  houses,  the  Maine  station  has  had  the  use  of  another 
house  of  the  open-front  style  of  construction  for  six  years  with  about 
200  1-year-old  breeding  hens  in  it  each  year. 

Maine  is  subject  to  long  spells  of  severe  cold  weather,  with  the 
temperature  considerably  below  zero  at  night,  and  about  zero  during 
the  day,  and  with  a  good  deal  of  high  wind.  During  such  rough 
weather  the  bedding  on  the  floor  has  kept  comparatively  diy ;  and  the 
voidings  on  the  platform,  when  the  curtains  are  raised  in  the  morn- 
ings, have  been  but  slightly  frozen.  The  yields  of  eggs  during  severe 
weather  and  immediately  following  it  are  rarely  below  those  imme- 
diately preceding  it.  It  should  be  borne  in  mind  that  had  the  weather 
been  mild  all  that  time  the  hens  probably  would  have  increased  in  pn>- 
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duction  rather  than  remained  stationary.  They  are  doubtless  affected 
by  the  severe  weather,  but  not  seriously;  as  they  uniformly  begin  to 
increase  in  production  very  soon  after  the  weather  becomes  normal 
for  midwinter. 

These  curtain-front  houses  have  all  proved  eminently  satisfactory. 
Not  a  case  of  colds  or  snuffles  has  developed  from  sleeping  in  the 
warm  elevated  closets^  with  their  cloth  fronts,  and  then  going  directly 
down  into  the  cold  room,  onto  the  dry  straw,  and  spending  the  day 
in  the  open  air.  The  egg  yields  per  bird  have  been  as  good  in  these 
houses  as  in  warmed  ones.  The  purpose  of  having  rooms  and  flocks 
of  different  sizes  was  to  compare  the  welfare  and  egg  yields  of  the 
birds  under  the  different  conditions. 

THE  TABDS. 

The  yards  to  most  poultry  houses  are  at  the  south,  or  on  the  shel- 
tered sides  of  the  buildings,  to  afford  protection  during  the  late  fall  and 
early  spring,  when  cold  winds  are  common.  The  warmed  house  had 
yards  on  both  north  and  south  sides,  with  convenient  gates.  The 
south  yards  were  used  until  the  cold  winds  were  over  in  spring,  when  the 
hens  were  allowed  to  go  to  the  north  yards,  which  were  well  set  in  grass 
sod.  With  the  ciui;ain-front  houses  the  yards  need  be  on  the  north  side 
only.  The  birds  are  kept  in  the  building  until  the  weather  is  suitable 
for  opening  the  small  doors  in  the  rear  wall.  The  necessity  for  getting 
them  out  of  the  open-front  house,  where  they  are  really  subject  to 
most  of  the  out-of-door  conditions  during  the  daytime,  is  not  so  great 
as  when  they  are  confined  in  closed  houses  with  walls  and  glass 
windows.  The  clear,  open  fronts  of  the  curtain-front  houses  allow 
teams  to  pass  close  to  the  open  door  of  the  pens  for  cleaning  out  worn 
material  and  delivering  new  bedding,  and  also  allow  attendants  to 
enter  and  leave  all  pens  from  the  outside  walk  and  reach  the  feed  room 
without  passing  through  intervening  pens. 

FEEDDTG  THE   HEHS. 

For  about  twenty-five  years  the  same  family  of  Barred  Plymouth 
Rocks  has  been  carried  at  the  University  of  Maine,  and  one  way  has 
been  learned  to  feed  and  handle  them  to  secure  eggs  and  to  avoid  the 
losses  from  overf atness,  which  are  so  common  to  mature  hens  of  that 
breed.  It  is  not  claimed  or  thought  that  the  methods  of  feeding  here 
given  are  ideal ;  other  methods  may  be  as  good  or  even  better.  These 
methods  have,  however,  given  good  results  at  the  Maine  station. 
While  it  is  true  that  only  the  full-fed  hen  can  lay  to  the  limit  of  her 
capacity,  it  is  equally  true  that  full  feeding  of  the  Plymouth  Rocks, 
unless  correctly  done,  results  disastrously. 
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Years  ago  the  "morning  mash,"  which  was  regarded  as  necessary 
to  ''warm  up  the  cold  hen,"  so  she  could  lay  that  day,  was  given  up. 

The  method  of  feeding  now  employed  is  in  detail  as  follows:  Early 
in  the  morning  for  each  100  hens  4  quarts  of  whole  com  is  scat- 
tered on  the  litter,  which  is  6  to  8  inches  deep  on  the  floor.  This  is 
not  mixed  into  the  litter,  for  the  straw  is  dry  and  light,  and  enough 
of  the  grain  is  hidden  so  the  birds  commence  scratching  for  it  almost 
immediately.  At  10  o'clock  they  are  fed  in  the  same  way  2  quarts 
of  wheat  and  2  quarts  of  oats.  This  is  all  of  the  regular  feeding  that 
is  done. 

The  use  of  com  and  com  meal  as  major  parts  of  the  feed  of  hens 
kept  for  egg  production  has  been  very  generally  condemned  by 
poultrymen  and  farmers,  until  it  is  now  used  only  as  a  veiy  minor 
part  of  the  ration  for  the  fear  that  its  use  will  cause  overfatness  and 
interfere  with  egg  making.  When  used  more  freely  and  made  a 
prominent  factor  in  the  ration  it  has  been  thought  best  to  have  the 
kernels  broken,  so  that  in  hunting  and  scratching  for  the  small  pieces 
the  birds  might  get  the  exercise  needed  to  keep  themselves  in  health 
aild  vigor.  It  was  reasoned  that  even  a  small  quantity  of  whole 
com  could  be  readily  seen  and  picked  up  from  the  straw  litter  with 
little  exertion,  and  that  the  vices  of  luxury  and  idleness  would  follow. 
In  order  to  test  this  view  an  experiment  was  carried  out  at  the  station 
in  the  winter  of  1906-7  in  which  whole  com  was  substituted  for 
cracked  com  in  the  ration  of  500  laying  pullets.  A  control  lot  of 
500  received  cracked  com.  All  other  conditions  affecting  the  two 
lots  were  kept  as-  nearly  identical  as  possible.  The  result  of  the 
experiment  was  that  there  was  no  appreciable  difference  in  r^&rd 
to  either  egg  production,  health,  or  general  well-being  between  the 
two  flocks  of  birds. 

Besides  the  dry  whole  grain  a  dry  mash  is  kept  always  before  the 
birds.  Along  one  side  of  the  room  is  the  feed  trough  with  its  slatted 
front,  and  in  it  is  kept  a  supply  of  dry  meals  mixed  together.  This 
dry-meal  mixture  or  mash  has  the  following  composition: 

Parts  by  wei^t. 

Wheat  bran 2 

CJom  meal 1 

Middlings 1 

Gluten  meal  or  brewers'  grains 1 

Linseed  meal 1 

Beef  scrap 1 

These  materials  are  spread  on  the  floor  in  layers  one  above  another 
and  shoveled  together  until  thoroughly  mixed,  then  kept  in  stock  for 
supplying  the  trough.     The  trough  is  never  allowed  to  remain  empty. 
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Tlie  diy-meal  mixture  is  constantly  within  reach  of  all  of  the  birds, 
and  they  help  themselves  at  will. 

Oyster  shell,  dry  enured  bone,  grit,  and  charcoal  are  kept  in  slatted 
troughs,  and  are  accessible  at  all  times.  A  moderate  supply  of  man- 
golds and  plenty  of  clean  water  is  furnished.  About  5  poxmds  of 
clover  hay  cut  into  ^-inch  lengths  is  fed  dry  daily  to  each  100  birds 
in  winter.  When  the  wheat,  oats,  and  cracked  com  are  given,  the 
birds  are  always  ready  and  anxious  for  them,  and  they  scratch  in  the 
litter  for  the  very  last  kernel  before  going  to  the  trough  where  an 
abundance  of  feed  is  in  store. 

It  is  very  evident  that  the  hens  like  the  broken  and  whole  grains 
better  than  the  mixture  of  the  fine,  dry  materials;  yet  they  by  no 
means  dislike  the  latter,  for  they  help  themselves  to  it,  a  mouthful 
or  two  at  a  time,  whenever  they  seem  to  need  it,  and  never  go  to  bed 
with  empty  crops,  so  far  as  noted.  They  apparently  do  not  like  it 
well  enough  to  gorge  themselves  with  it,  and  sit  down,  loaf,  get 
overfat,  and  lay  soft-shelled  eggs,  as  is  so  commonly  the  case  with 
Plymouth  Rocks  when  they  are  given  warm  morning  mashes  in 
troughs. 

Some  of  the  advantages  of  this  method  of  feeding  are  that  the  mash 
is  put  in  the  troughs  at  any  convenient  time,  only  guarding  against 
an  exhaustion  of  the  supply,  and  the  entire  avoidance  of  the  mobbing 
that  always  occurs  at  trough  feeding  when  that  is  made  a  meal  of 
the  day,  whether  it  be  at  morning  or  evening.  There  are  no  tailings 
to  be  gathered  up  or  wasted,  as  is  common  when  a  full  meal  of  mash 
is  given  at  night.  The  labor  is  very  much  less,  enabling  a  person  to 
care  for  more  birds  than  when  the  regular  evening  meal  is  given. 

For  green  feed  during  winter  and  spring  mangolds  are  used.  They 
are  liked  by  the  birds,  and  when  properly  harvested  and  cared  for 
remain  crisp  and  soimd  xmtil  late  spring.  They  are  fed  whole,  by 
sticking  them  onto  projecting  nails  about  a  foot  and  a  half  above 
the  floor.  Care  must  be  exercised  in  feeding  them,  as  they  are  a 
laxative  when  used  too  freely.  On  the  average  about  a  peck  per 
day  to  100  hens  can  be  safely  used.  They  would  eat  a  much  greater 
quantity  if  they  could  get  it. 

The  average  amounts  of  the  materials  eaten  by  each  hen  during 
the  last  year  are  about  as  follows: 

Pounds. 

Grain  and  the  meal  mixture 90. 0 

Oyster  shell 4.0 

Dry  cracked  bone 2. 4 

Grit 2.0 

Charcoal 2.4 

Clover 10.0 
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A  POULTET-HOVSE  DISDTFECTAirT. 

There  can  be  no  doubt  that  one  absolutely  necessary  supply  about 
every  well-conducted  poiiltry  plant  must  be  some  sort  of  disinfecting 
solution.  Furthermore,  such  a  disinfectant  ought  to  fulfill  satis- 
factorily several  requirements.  In  the  first  place,  it  must  be  inexpen- 
sive. Further,  it  must  be  powerful  and  certain  in  its  action  even  in 
dilute  solutions.  Finally,  it  must  be  of  such  a  character  as  not  to 
injure  the  birds  if  it,  by  accident  or  design,  comes  in  contact  with 
them.  There  are  a  great  many  commercial  disinfectants  on  the 
market.  Some  of  the  most  successful  and  widely  used  of  these  have 
either  a  phenol  (carbolic  acid)  or  a  cresol  base.  Many  of  these  prepa- 
rations are  excellent  and  their  excellence  is  attested  by  their  very 
wide  popularity  among  poultrymen.  There  is  one  objection,  how- 
ever, to  all  of  them;  that  is,  that  they  are  relatively  expensive.  The 
farmer  or  poultryman  who  uses  them  pays  a  good  roimd  price  for  the 
manufacture  of  something  which  he  could  manufacture  himself,  the 
only  cost  in  that  event  being  the  cost  for  the  raw  materials. 

The  station  has  carried  on  a  number  of  experiments  with  disin- 
fectants to  find  a  materi&l  well  suited  to  the  needs  of  the  poultry- 
man  which  should  at  the  same  time  be  cheap  and  easy  to  manufac- 
ture. As  a  result  of  these  experiments  the  conclusion  has  been 
reached  that,  on  the  whole,  cresol  is  an  excellent  substance  for 
poultry-house  disinfection.  Experiments  of  the  Department  of 
Agriculture  **  have  shown  that  cresol  is  one  of  the  most  powerful 
germicides  and  disinfectants  known.  The  experience  of  the  station 
shows  that  in  addition  to  the  germicidal  value  of  a  cresol  solution  it 
has  a  very  considerable  value  as  a  poultry  insecticide.  It  has  even 
been  used  with  satisfactory  results  to  rid  hens  of  lice  by  direct  spray- 
ing of  the  birds.  A  very  small  application  in  spray  was  found  to  rid 
a  bird  of  lice  without  harmful  effect  to  the  bird  itself.^  Furthermore, 
in  the  experience  of  the  station  it  is,  when  applied  as  a  spray,  very 
effective  in  ridding  the  houses,  nests,  etc.,  of  lice. 

Cresol  may  be  stirred  up  directly  with  water  and  used  as  a  spray. 
Since  cresol  is  only  slightly  soluble  in  water  it  is  better  to  make  use 
of  the  "compound  solution  of  cresol"  (liquor  cresolis  compositus)  of 
the  United  States  Pharmacopeia. 

Liquor  cresolis  compositus,  or,  as  it  may  for  convenience  be  called, 
cresol  soap,  may  be  easily  manufactured  by  any  poultryman.     The 

o  McBryde,  C.  N.    The  Germicidal  Value  of  Liquor  Cresolis  Compositus  (U.  S.  P.). 
Bureau  of  Animal  Industry  Bulletin  100,  pp.  1-24, 1907. 

b  We  do  not  recommend  thb  method  of  ridding  birds  of  lice,  because  of  the  danger 
that  the  bird  will  take  cold  as  a  result  of  the  wetting.    This  experiment  was  performed 
simply  to  test  the  value  of  the  cresol  solution  as  an  insecticide  under  the  most  unfavor- 
able conditions  for  its  action. 
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only  requisite  is  a  careful  attention  to  the  details  in  the  process  and 
a  rigid  following  of  the  instructions  given  below.  In  order  to  make 
clear  the  reasons  for  the  method  of  manufacture  which  will  be  out- 
lined it  may  be  well  to  give  some  account  of  the  nature  of  the  sub- 
stance itself.  The  active  base  or  cresol  soap  disinfecting  solution  is 
commercial  cresol.  This  is  a  thick;  sirupy  fluid  varying  in  color  in 
difiFerent  lots  from  a  nearly  colorless  fluid  to  a  dark  brown.  It  does 
not  mix  readily  with  water,  and  therefore  in  order  to  make  satisfac- 
torily a  dilute  solution  it  is  necessary  first  to  incorporate  the  cresol 
with  some  substance  which  will  mix  with  water  and  will  carry  the 
cresol  over  into  the  mixture.  The  commercial  cresol  as  it  is  obtained 
is  a  corrosive  substance,  being  in  this  respect  not  unlike  carbolic 
acid.  It  should;  of  course,  be  handled  with  great  care,  and  the  pure 
cresol  should  not  be  allowed  to  come  in  contact  with  the  skin.  If 
it  does  so  accidentally  the  spot  should  be  immediately  washed  off 
with  plenty  of  clean  water.  The  price  of  commercial  cresol  varies 
with  the  drug  market.  It  can  be  obtained  through  any  druggist. 
On  the  day  that  this  is  ¥rritten  the  quotation  on  cresol  in  the  New 
Tork  market  is  24  cents  a  pound.  In  purchasing  this  article  one 
should  order  simply  ''commercial  cresol." 

The  solution  or  soap  referred  to  is  made  as  follows:  Measure  out 
4  quarts  of  raw  linseed  oil  in  a  4  or  5  gallon  stone  crock;  then  weigh 
out  in  a  dish  If  pounds  of  commercial  potassium  hydroxid  or  caustic 
potash;  which  may  be  obtained  from  any  druggist  at  a  cost  of  from 
10  to  15  cents  a  pound.  Dissolve  this  caustic  potash  in  one  pint  of 
water;  let  it  stand  for  at  least  three  hours  until  the  potash  is  com- 
pletely dissolved  and  the  solution  is  cold;  then  add  the  cold  potash 
solution  very  slowly  to  the  linseed  oil,  stirring  constantly.  Not  less 
than  five  minutes  should  be  taken  for  the  adding  of  this  solution  of 
potash  to  the  oil.  For  five^  hours  after  mixing  the  oil  and  potash 
mixture  (soap)  should  be  stirred  thoroughly  about  once  every  hour 
and  then  left  standing  for  ten  or  twelve  hours.  By  the  expiration 
of  that  time  saponification  should  be  complete.  The  soap  should 
then  be  stirred  and  broken  up  into  small  pieces  and  5^  quarts  of  com- 
mercial cresol  should  be  added.  The  soap  will  slowly  dissolve  in 
this  cresol.  It  may  take  two  days  for  complete  solution  to  be 
effected.  The  length  of  time  taken  in  dissolving  will  depend  on  the 
condition  of  the  soap,  which  in  turn  varies  with  different  lots  of  lin- 
seed oil.  When  the  soap  is  all  dissolved,  the  solution,  which  is  liquor 
cresolis  compositus  or  cresol  soap,  is  then  ready  to  use.  This  cresol 
soap  will  mix  in  any  proportion  with  water  and  yield  a  clear  solution. 

As  has  been  said,  cresol  soap  is  an  extremely  powerful  disinfectant. 
In  the  station  poultry  plant  for  general  purposes  of  disinfecting  the 
houses,  brooders,  brooder  houses,  incubators,  nests,  and  other  wood- 
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work  it  is  used  in  a  2  per  cent  solution  with  water.  Three  or  four 
tablespoonfuls  of  the  cresol  soap  to  each  gallon  of  water  will  make  a 
satisfactory  solution.  This  solution  may  be  applied  through  any 
kind  of  spray  pump  or  with  a  brush.  Being  a  clear  watery  fluidf  it 
can  be  used  in  any  spray  pump  without  difficulty.  For  disinfecting 
brooders  or  incubators  which  there  is  reason  to  believe  haye  been 
particularly  liable  to  infection  with  the  germs  of  white  diarrhea  or 
other  diseases  the  cresol  may  be  used  in  double  the  strength  given 
above  and  applied  with  a  scrub  brush  in  addition  to  the  spray. 

The  first  consideration  in  choosing  a  disinfectant  must  be  its 
effectiveness.  It  is  a  poor  sort  of  economy  to  use  a  disinfectant 
which  costs  little  and  will  kill  few  or  no  germs.  Taking  into  account 
its  effectiveness  in  dilute  solutions,  liquor  cresolis  compositus  is 
believed  to  be  one  of  the  best  and  cheapest  germicides  and  disin- 
fectants available.  The  station  is  using  it  altogether  in  its  own 
work  and  feels  justified  in  recommending  it  to  poultrymen. 

TRAP  IfESTS. 

In  all  the  experimental  work  with  laying  hens  at  the  Maine  station 
use  is  made  of  trap  nests.  During  the  past  year  a  new  type  of  trap 
nest  ''has  been  devised  which  is  proving  extremely  satisfactory.  The 
features  in  which  this  nest  is  superior  to  the  type  formerly  used  at 
the  station  are  (1)  certainty  and  precision  of  operation;  (2)  greater 
simplicity  of  construction,  with  less  tendency  to  get  out  of  order  and 
work  badly;  (3)  saving  of  labor  in  resetting  the  nest  after  use. 

The  nest  is  a  box-like  structure,  without  front,  end,  or  cover,  28 
inches  long,  13  inches  wide,  and  16  inches  deep,  inside  measure.  A 
division  board  with  a  circular  opening  7)  inches  in  diameter  is  placed 
across  the  box  12  inches  from  the  rear  end  and  15  inches  from  the 
front  end.  Instead  of  having  the  partition  between  the  two  parts 
of  the  nest  made  with  a  circular  hole,  it  is  possible  to  have  simply  a 
straight  board  partition  extending  up  6  inches  from  the  bottom,  as 
shown  in  figure  8.     The  rear  section  is  the  nest  proper. 

The  front  portion  of  the  nest  has  no  fixed  bottom.  Instead  there 
is  a  movable  bottom  or  treadle  which  is  hinged  at  the  back  end 
(fig.  8).     To  this  treadle  is  hinged  the  door  of  the  nest.     The  treadle 

a  While  this  bulletin  was  going  through  the  press  the  writer  was  informed  that  a 
trap  nest  embodying  certain  features  similar  to  those  in  the  nest  here  described  was 
in  use  at  the  Utah  Agricultural  Experiment  Station.  An  examination  of  the  bulletins 
of  that  station  fails  to  disclose  a  description  of  such  a  nest.  The  nest  here  described 
was  independently  devised  at  the  Maine  station.  Inasmuch  as  no  description  of  the 
principle  of  trap-nest  construction  here  made  use  of  has  hitherto  been  published,  it 
is  impossible  to  make  any  further  acknowledgment  of  priority  in  the  matter  than  is 
contained  in  the  statement  here  made. 
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is  made  of  ^-inch  pine  stiiff ,  with  1  i-inch  hard-wood  cleats  at  each 
end  (figs.  9  and  10)  to  hold  the  screws  which  fasten  the  hinges.    It 
is  12  inches  wide  and  12}  inches  long.    Across  its  upper  face  just 
behind  the  hinges  holding  the  door  i^  nailed  a  pine  strip  4  inches  wide, 
bereled  on  both  sides,  as  shown  in  figUFes  9  and  10.     The  door  of  the 
nest  is  not  made  solid,  but  is  an  open  frame  (figs.  8  and  10),  to  the 
inner  side  of  which  is  fastened  (with  staples)  a  rectangular  piece  of 
J-inch  mesh  galvanized  screening  (dimensions  8  by  9  inches).    The 
sides  of  the  door  are  strips  of  f-inch  beech  stuff  12  inches  long  and 
li  inches  wide,  halved  at  the  ends  to  join  to  the  top  and  bottom  of 
the  door.    The  top  of  the  door  is  a  strip  of  hard  wood  13  inches  long 
and  1)  inches  wide,  halved  in  23  inches 
from  each  end.     The  projecting  ends 
of  this  top  strip  serve  as  stops  [or  the 
door  when  it  closes  (fig.  8).  The  bot- 
tom of  the  door  is  a  hard-wood  strip 
10}  inches  by  4  inches.     The  side  strips 
are  fitted  into  the  ends  of  this  bottom 
strip  in  such  way  as  to  project  slightly 
(about  3<i  inch)  above  the  front  siu*- 
face  of  that  strip,  for  a  reason  which 
will  be  apparent. 

When  the  nest  is  open  the  door 
extends  horizontally  in  front,  as  shown 
in  figure  9.  In  this  position  the  side 
strips  of  the  door  rest  on  a  strip  of 
beech  li  inches  wide,  beveled  on  the 
inner  comer,  which  extends  across  the 
front  of  the  nest.  This  beech  strip  is 
nailed  to  the  top  of  a  board  4  inches 
wide,  which  forms  the  front  of  the  nest 

box  proper.      To   the   bottom    of   this         no-t-TrapneWctoaed.    ViMrlrom 

is  nailed  a  strip  2  inches  wide,  into 

which  are  set  two  4-inch  spikes  from  which  the  heads  have  been  cut 
(compare  fig.  9).  The  treadle  rests  on  these  spikes  when  the  nest  is 
closed.  The  hinges  used  in  fastening  the  treadle  and  door  are  nar- 
row 3-inch  galvanized  butts  with  brass  pins,  made  to  work  very  easily. 
It  is  necessary  to  use  hinges  which  will  not  rust. 

the  manner  in  which  the  nest  operates  will  be  clear  from  an  exami- 
nation of  figures  9  and  10,  which  show  a  sample  nest  with  one  side 
removed  to  show  the  inside.  A  hen  about  to  lay  steps  up  on  the  door 
and  walks  in  toward  the  dark  back  of  the  nest.  When  she  passes  the 
point  where  the  door  is  hinged  to  the  treadle  her  weight  on  the  treadle 
causra  it  to  drop.    This  at  the  same  time  pulls  the  door  up  behind  her. 
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as  shown  in  figure  10.  It  is  then  impossible  for  the  hen  to  get  out  of 
the  nest  till  the  attendant  lifts  door  and  treadle  and  reseta  it.  It  wiD 
be  seen  that  the  nest  is  extremely  simple.  It  has  no  locks  or  tri^eislo 
get  out  of  order.  Yet  by  proper^ balancing  of  door  and  treadle  it  can 
be  so  delicately  adjusted  that  a  weight  of  less  than  half  a  pound  on  the 
treadle  will  spring  the  trap.  All  bearing  surfaces  are  made  of  beech 
because  of  the  well-known  property  of  this  wood  to  take  on  ahighly 
polished  surface  with  wear.  The  nesta  in  use  at  the  Maine  station 
have  the  doors  of  hard  wood.in  order  to  get  greater  durability.  Where 
trap  neats  are  constantly  in  use,  flimsy  constnictioD  is  not  economical 
in  the  long  run.  For  temporary  use  the  nest  door  could  be  con- 
structed of  soft  wood. 

The  trap  nests  are  not  made  with  covers  because  they  are  used  in 
tiers  and  slide  in  and  out  like  drawers.  They  can  be  carried  away  for 
cleaning  when  necessary.     Four  nesta  in  a  pen  accommodate  20  hens 
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by  the  attendant  going  through  the  pens  once  an  hour,  or  a  little 
oftener,  during  that  part  of  the  day  when  the  hens  are  busiest. 
Earlier  and  later  in  the  day  his  visits  are  not  so  frequent.  The  hens 
must  all  have  leg  bands  in  order  to  identify  them;  a  number  of 
different  kinds  are  on  the  market.  The  double  box  with  the  neet  in 
the  rear  is  necessary.  When  a  hen  has  laid  an  egg  and  desires  to  leave 
the  nest,  she  steps  out  into  the  front  space  aod  remains  there  until 
she  is  released.  With  only  one  section  she  would  be  likely  to  crush 
her  e^  by  stepping  upon  it,  and  thus  learn  the  pernicious  habit  of 
egg  eating. 

To  remove  a  hen,  the  nest  is  pulled  part  way  out,  and  as  it  has  no 
cover  she  is  readily  caught,  the  number  on  her  leg  band  is  noted  and 
the  proper  entry  made  on  the  record  sheet.  After  having  been  taken 
off  a  few  times  the  hens  do  not  object  to  being  handled,  most  of 
them  remaining  quiet,  apparently  expecting  to  be  picked  up. 
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Before  commenoing  the  use  of  trap  nests  it  was  thought  that  some 
hens  might  be  irritated  by  the,  trapping  operation  and  object  to  the 
noise  incident  to  it,  but  such  does  not  seem  to  be  the  case.  Trap 
neets  have  been  used  at  the  Maine  station  for  Leghoms,  Brahmas, 
Wyandottes,  and  Plymouth  Rocks. 

The  amount  of  time  required  in  caring  for  the  trap  nests  can  only 
be  estimated,  since  the  attendant's  time  is  divided  with  other  duties. 
The  time  varies  from  one  day  to  another  and  with  the  number  of  neste 


Fig.  id.— Ti^i  Dot  akMBd.    OnsttdalBmoredtasliawiiwChodof  openlioii. 

in  use.  By  noting  the  total  time  used  each  day  in  caring  for  the 
nests  when  the  hens  were  laying  most  heavily,  it  has  been  estimated 
that  one  active  person  devoting  his  entire  time  to  trap  nests  could  take 
care  of  400  to  500  oests  used  by  2,000  to  2,500  bens.  When  com- 
mencing the  year's  work  he  would  need  assistance  in  banding  the 
birds,  but  after  that  was  done  he  could  care  for  the  nests  without 
assistance  until  midsummer,  when  the  e^  yields  would  probably  be 
diminiE^ed  and  a  part  of  his  time  could  be  spared  for  other  duties. 
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A  PRIMER  OF  FORESTRY. 


PART  IltPRACnCAIi  FORESTRY. 


FOBEST  MAVAOEMEVT. 

THB  SBBVIOB  OF  THB  FOBBST. 

Next  to  the  earth  itself  the  forest  is  the  most  useful  servant  of  man. 
Not  only  does  it  sustain  and  regulate  the  streams,  moderate  the  winds, 
and  beautify  the  land,  but  it  also  supplies  wood,  the  most  widely  used 
of  all  materials.  Its  uses  are  niunberless,  and  the  demands  which  are 
made  upon  it  by  mankind  are  numberless  also.  It  is  essential  to  the 
well-being  of  mankind  that  these  demands  should  be  met.  They 
must  be  met  steadily,  fully,  and  at  the  right  time  if  the  forest  is  to 
give  its  best  service.  The  object  of  practical  forestry  is  precisely  to 
make  the  forest  render  its  best  service  to  man  in  such  a  way  as  to 
increase  rather  than  to  diminish  its  usefulness  in  the  future.  Forest 
management  and  conservative  lumbering  are  other  names  for  prac- 
tical forestry.  Under  whatever  name  it  may  be  known,  practical 
forestry  means  both  the  use  and  the  preservation  of  the  forest. 

THB  TTSB8  OF  THB  FOBBST. 

A  forest,'  large  or  small,  may  render  its  service  in  many  ways.  It 
may  reach  its  highest  usefulness  by  standing  as  a  safeguard  against 
floods,  winds,  snow  slides,  moving  sands,  or  especially  against  the 
dearth  of  water  in  the  streams.  A  forest  used  in  this  way  is  called  a 
protection  forest,  and  is  usually  found  in  the  mountains,  or  on  bleak, 
open  plains,  or  by  the  sea.  Forests  which  protect  the  headwaters  of 
streams  used  for  irrigation,  and  many  of  the  larger  wind-breaks  of  the 
Western  plains,  are  protection  forests.  The  Adirondack  and  Catskill 
woodlands  were  regarded  as  protection  forests  by  the  people  of  the 
State  of  New  York  when  they  forbade,  in  the  constitution  of  1895,  the 
felling,  destruction,  or  removal  of  any  trees  from  the  State  Forest 
Preserve. 

A  farmer  living  directly  on  the  produce  of  his  land  would  find  his 
woodlot  most  useful  to  him  when  it  supplied  the  largest  amount  of 
wood  for  his  peculiar  needs,  or  the  best  grazing  for  his  cattle.  A  rail- 
road holding  land  which  it  did  not  wish  to  sell  would  perhaps  find  it 
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most  useful  when  it  produced  the  greatest  number  of  ties  and  bridge 
timbers.  In  both  cases  the  forest  would  render  its  beet  service  by 
producing  the  greatest  quantity  of  valuable  material.  This  is  the 
central  idea  upon  which  the  national  forests  of  France  are  managed. 
The  greatest  return  in  money  may  be  the  service  most  desired  of 
the  forest.  If  a  farmer  wished  to  sell  the  product  of  his  woodlot 
instead  of  consuming  it  himself,  his  woodland  would  be  useful  to  him 
just  in  proportion  to  its  net  jdeld  in  money.  This  is  true  also  in  the 
case  of  any  owner  of  a  forest  who  wishes  to  dispose  of  its  product, 
but  who  can  not,  or  will  not,  sell  the  forest  itself.    State  forests,  like 
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gard  the  future  yield  altogether,  and  in  consequence  the  forest  loses 
its  capital  value,  or  may  even  be  totally  destroyed.  Well-managed 
forests,  on  the  other  hand,  are  made  to  yield  their  service  always  with- 
out endangering  the  future  yield,  and  usually  to  its  great  advantage. 
Like  the  plant  of  a  successful  manufacturer,  a  forest  should  increase 
in  productiveness  and  value  year  by  year. 


no.  3.— Seme  In  tike  aLUmdd,  the  town  tcsest  of  Zuiidi,  Switurlud,  bom  which  lie  oinwt  deslica  tha 

grsMost  net  mauij  ntorn. 

Under  various  circumstances,  then,  a  forest  may  yield  its  best 
return  in  protection,  in  wood,  grass,  or  other  forest  products,  in 
money,  or  in  interest  on  the  capital  it  represents.  But  whichever  of 
these  ways  of  using  the  forest  may  be  chosen  in  any  given  case,  the 
fundamental  idea  in  forestry  is  that  of  perpetuation  by  wise  use — that 
is,  of  making  the  forest  yield  the  best  service  possible  at  the  present 
in  such  a  way  that  its  usefulness  in  the  future  will  not  be  diminished, 
but  rather  increased. 
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FOUR  BEQiriBBlfENTS  FOB  THE  BEST  SBBVIGB. 

A  forest  well  managed  under  the  methods  of  practical  forestry  will 
jield  a  return  in  one  of  the  ways  just  mentioned.  There  are,  how- 
ever, four  things  a  forest  must  have  before  it  can  be  in  condition  to 
render  the  best  service. 

The  first  of  these  is  protection,  especially  against  fire,  overgrazing, 
and  thieves,  for  without  such  protection  no  investment  is  secure  and  the 
most  skillful  management  is  of  little  effect. 


FN.  3.— Vlgocoui  KprodnctEoD  along  thi  sdge  of  a  tonat.   Oennan;. 

The  second  is  strong  and  abundant  reproduction.  A  forest  without 
young  growth  is  like  a  family  without  children.  It  will  speedily  die 
out. 

The  third  requirement  is  a  regular  supply  of  trees  ripe  for  the  ax. 
This  can  be  secured  only  by  (he  right  proportion  of  each  of  the  smaller 
sizes  constantly  coming  on  in  the  growing  forest.  Thus,  a  farmer  in 
need  of  fuel  might  be  much  inconvenienced  to  find  no  trees  on  his 
woodlot  big  enough  for  cordwood,  and  it  would  not  help  bim  to  know 
that  twenty  years  later  he  would  have  an  oversupply.  In  the  sanae 
way  a  laiger  forest  may  yield  only  a  very  irr^ular  and  unsatisfactory 
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product  if  at  one  time  there  are  too  many  ripe  trees  and  at  another 
too  few.  For  example,  if  100  acres  become  fit  to  cut  this  year,  and 
200  next  year,  and  after  that  none  at  all  until  500  acres  become  ripe 
fifteen  years  later,  it  is  ea^  to  see  that  the  yield  would  come  at  very 
irr^ular  and  perhaps  very  inconvenient  times.  But  a  forest  of  10,000 
acres,  composed  of  100  even-aged  groups  of  trees  of  every  age  from 
1  to  100  years,  each  group  100  acres  in  extent,  would  plainly  be  able 
to  furnish  every  year  100  acres  of  100-year-old  trees  ready  for  the 
ax.  In  such  a  forest  the  right  proportion  of  young  trees  would  always 
be  coming  on. 

The  fourth  requirement  is  growing  space  enough  for  every  tree, 
so  that  the  forest  as  a  whole  may  not  only  produce  wood  as  fast  as 
possible,  but  the  most  valuable  sort  of  wood  as  well.  If  the  trees 
stand  too  far  apart,  their  tnmks  will  be  short  and  thickly  covered 
with  branches,  the  liunber  cut  from  them  will  be  full  of  knots,  and  its 
value  will  be  small.  If,  on  the  other  hand,  the  trees  stand  too  closely 
together,  although  their  tnmks  will  be  tall  and  clear  of  branches, 
they  will  be  small  in  diameter,  and  for  that  reason  low  in  value. 
With  the  right  amount  of  growing  space,  trees  grow  both  tall  and  of 
good  diameter,  and  their  trunks  supply  liunber  of  higher  price  because 
it  IS  wide  and  clear. 

THE  YIELD  OF  A  FOBB8T. 

One  of  the  central  ideas  of  forestry  is  that  the  amoimt  of  wood 
taken  from  any  healthy  forest  and  the  amoimt  grown  by  it  should 
be  as  nearly  equal  as  possible.  If  more  grows  than  is  cut,  then  the 
forest  will  be  filled  with  overmature,  decaying  trees;  but  if  more 
wood  is  cut  than  is  grown,  then  the  supply  of  ripe  trees  will  be  ex- 
hausted, and  the  value  of  the  forest  will  decline.  To  make  the  cut 
equal  to  the  growth  does  not  mean  that  the  volume  of  wood  grown 
each  year  on  every  acre  should  be  cut  from  that  acre,  but  that  the 
total  growth  of  all  the  acres,  for  one  or  for  a  number  of  years,  should 
be  cut  from  the  forest  in  the  corresponding  period.  Thus,  if  the 
growth  or  increase  is  100  cords  a  year,  that  amoimt  might  be  harvested 
yearly  by  cutting  every  tree  on  a  small  area,  by  cutting  fewer  trees 
per  acre  on  a  larger  area,  by  distributing  the  cut  every  year  over  the 
whole  surface  of  the  forest,  or  by  cutting  1,000  cords  in  any  one  of 
these  ways  once  in  ten  years. 

There  are  many  different  methods  of  finding  what  is  the  annual 
increase  of  wood  in  a  forest.  One  of  the  simplest  is  to  count  the 
number  of  trees  upon  an  acre  and  select  an  average  tree,  then  to  cut 
it  down,  measure  its  cubic  contents,  and  find  its  age  by  counting  the 
annual  rings.  That  done,  the  yearly  increase  of  the  average  tree 
may  be  found  by  dividing  its  cubic  contents  by  the  years  of  its  age. 
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Finally,  since  we  have  found  the  yearly  increase  per  tree  and  the 
niunber  of  trees  per  acre,  it  is  easy  to  find  the  average  yearly  increase 
per  acre.  It  is  unfortunate  that  this  simple  and  easy  process  is  not 
always  reliable,  because  it  is  hard  to  find  either  an  average  acre  or 
an  average  tree. 

The  yield  of  a  forest  is  the  amount  of  wood  that  is  taken  from  it 
in  a  given  time.  When  a  forest  is  put  under  conservative  manage- 
ment, one  of  the  most  important  steps  is  to  decide  how  much  timber 
can  safely  be  taken  from  it;  in  other  words,  to  determine  the  yield. 
There  are  three  principal  ways  of  doing  so. 

The  first,  and  the  least  used,  is  to  fitx:  the  yield  at  a  certain  num- 
ber of  mature  trees.  By  this  plan  the  yield  of  a  certain  forest  might 
be  100  pines,  260  spruces,  and  180  hemlocks,  each  of  a  given  diam- 
eter, every  year. 

The  second  way  is  to  fix  the  yield  at  a  certain  amount  or  volume 
of  wood.  Thus,  the  yield  of  a  large  forest  might  be  fixed  at  25,000,000 
feet  board  measure  every  ten  years,  and  that  of  another  smaller 
one  at  750  cords  every  year. 

The  third  way  is  to  settle  upon  a  certain  number  of  acres  to  be 
cut  over  yearly  or  once  in  a  given  number  of  years.  By  this  method 
the  yield  of  a  forest  of  600  acres  might  be  fixed  at  6  acres  of  mature 
timber  a  year,  and  that  of  another  at  300  acres  every  twenty-five 
years.  The  time  between  two  successive  cuttings  on  the  same  area 
must  be  long  enough  to  allow  the  young  trees  left  standing  to  mature. 
That  time  is  found  by  studying  the  rate  of  growth  in  diameter. 

This  method  of  determining  the  yield  by  area  is  much  the  most 
practicable  of  the  three  for  the  forests  of  the  United  States,  and  in 
general  it  is  the  simplest  and  most  widely  useful  of  all,  because  it 
does  away  with  the  difficult  task  of  determining  the  yearly  increase 
in  wood. 

The  objects  in  handling  forests  are  so  various  that  sometimes  no 
single  one  of  these  methods  is  satisfactory,  and  then  combinations 
of  them  are  of  great  use.  Thus,  by  combining  the  method  by  volume 
and  the  method  by  area  the  annual  yield  of  a  forest  might  be  estab- 
lished at  250  board  feet  per  acre.  This  yield  might  be  cut  from  the 
forest  every  year,  or  it  might  be  allowed  to  accumulate  for  twenty 
years,  and  then  5,000  board  feet  per  acre  might  be  cut. 

SILYICTTLTUItAL  SYSTEMS. 

After  the  yield  has  been  found  it  must  be  cut  not  only  without 
injury  to  the  futiu'e  value  of  the  forest,  but  in  such  a  way  as  to  in- 
crease its  safety  and  usefulness.  To  this  end  certain  ways  of  handling 
forests,  called  silvicultural  systems,  have  grown  up.  They  are  based 
on  the  nature  of  the  forest  itself,  and  are  chiefly  imitations  of  what 
men  have  seen  happen  in  the  forest  without  their  help. 
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From  the  point  of  view  of  forest  management,  one  of  the  princi- 
pal differences  between  treee  is  whether  they  spring  directly  from 
seed  or  are  produced  as  sprouts  from  stumps  or  roots  already  in  the 
ground.  A  forest  composed  of  seedling  trees  is  called  a  seed  forest, 
or  more  commonly  but  less  suitably,  a  seedling  or  high  forest.  One 
composed  of  sprouts  is  spoken  of  as  a  sprout  or  coppice  forest,  or, 
more  often,  simply  aa  coppice,  or  as  sprout  land.  Seed  forests  ere 
usually  composed  of  coniferous  trees,  which  rarely  sprout,  or  of 
broadleaf  trees  allowed  to  reach  large  size.  Sprout  forests  are  com- 
mon wherever  broadleaf  trees  are  cut  while  they  are  still  young,  for 


the  sprouting  power  usually  diminishes  with  age.  Sprouts  never 
reach  so  great  a  height  and  diameter  as  seedling  trees,  although  in 
youth  they  grow  much  faster;  and  they  are  apt  to  be  unsound,  be- 
cause the  old  stumps  decay  and  infect  the  sprouts  which  spring  from 
them. 

Simple  coppice. — It  oftens  hap[>ens,  as  in  Pennsylvania  or  New 
Jersey,  that  a  fire  sweeps  over  the  second-growth  hardwood  lands 
and  kills  all  the  young  trees  down  to  the  ground;  but  the  roots 
remain  ahve,  and  from  them  spring  young  sprouts  about  the  bases 
of  the  burned  trunks.  After  several  years  a  second  fire  may  follow 
and  kill  back  the  sprouts  f^aio,  and  other  fires  may  continue  at 
80193— Bull,  i 
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intervals  to  bum  over  the  land,  each  followed  by  a  new  crop  of 
sprouts.  When  a  farmer  does  with  the  ax  what  is  often  done  by  fixe 
he  is  using  the  system  of  simple  coppice.  Let  us  suppose  a  farmer 
has  a  woodlot  covered  principally  with  chestnut  sprouts  which  he 
wants  to  manage  for  the  steady  production  of  railroad  ties.  He 
knows  that  chestnut  sprouts  are  usually  lai^e  enough  for  ties  at  the 
age  of  35  years.  In  order  to  insure  a  steady  yield  of  trees  fit  for  ties, 
he  divides  the  whole  woodlot  into  thirty-five  parts  of  equal  productive 
capacity,  and  cuts  one  part  clean  every  year.  All  the  new  sprouts 
that  spring  up  on  the  part  cut  in  any  year  are  of  the  same  age.  At 
the  end  of  thirty-five  years,  when  the  whole  woodlot  has  been  cut 
over,  the  thirty-five  parts  form  a  series  of  even-^ed  groups  of  sprouts 
from  1  to  35  years  old.  Every  year  the  sprouts  on  one  part  reach 
the  age  of  35  years  and  are  ready  for  cutting. 

Simple  coppice  is  a  very  useful  silvicultural  system,  and  the  easiest 
of  all  to  apply.  The  chief  requirements  for  its  success  are  good 
reproduction  from  the  stumps,  proper  thinning  (where  thinning  can 
be  made  to  pay),  and  enough  young  seedlings  among  the  sprouts  to 
replace  exhausted  stumps  with  vigorous  young  ones.  Stumps  from 
which  the  sprouts  have  been  cut  many  times  finally  grow  weak  and 
-^         lose  their  power  of  sprouting. 

In  cutting  sprouts  it  is  important  not  to  loosen  the  bark  on  the 
stumps,  for  that  impairs  their  sprouting  power,  and  to  make  the  cut 
as  near  the  ground  as  possible.  Stumps  cut  level  with  the  surface 
sprout  best  of  all.  In  simple  coppice,  well  handled,  the  reproduction 
takes  place  of  itself  without  the  need  of  further  attention  from  the 
forester. 

Many  thousands  of  acres  of  American  woodland,  especially  in  New 
England,  New  York,  Pennsylvania,  and  New  Jersey,  and  in  other 
places  where  chestnut  is  the  principal  tree,  are  treated  under  a  rough 
system  of  simple  coppice. 

Stored  coppice. — ^Among  the  trees  which  will  produce  only  fuel, 
fence  posts,  or  railroad  ties  there  often  stand  in  a  woodlot  others 
which  would  yield  much  lai^er  returns  if  they  were  allowed  to  reach 
a  greater  age  and  size  than  the  trees  about  them.  If  there  were  some 
white  oaks  scattered  through  the  chestnut  coppice  just  described,  it 
might  be  well  to  let  them  grow  large  enough  for  the  production  of 
high-priced  material  like  quartered  oak  lumber.  In  that  case  it 
would  be  necessary  at  the  time  of  cutting  the  sprouts  to  select  and 
leave  standing  a  certain  number  of  white  oaks  on  every  acre.  As 
many  of  them  as  survived  the  increased  exposure  to  wind  and  sun 
following  the  sudden  removal  of  their  neighbors  would  remain  as 
standards  over  the  young  sprouts.  The  white  oak  standards  thus 
chosen  would  remain  uncut  during  two^  three^  fouT;  or  sometimes 
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even  five  successive  crops  of  sprouts,  and  would  form  stout  trunks 
with  little  taper,  dear  of  branches  almost  to  the  full  height  reached 
by  the  sproute. 

This  is  the  silyicultural  system  called  stored  coppice,  or  some- 
times coppice  under  standards.    The  successful  management  of  a 


no. «.— Yellaw  paplariproat  InnM Id  Hif7lud. 

forest  under  it  depends  largely  upon  the  choice  of  the  standards. 
They  should  be  seedhngs,  for  seedlings  make  the  best  trees,  or  the 
most  vigorous  and  healthy  sprouts  if  seedUngs  can  not  be  found,  and 
they  should  be  distributed  as  regularly  as  possible  over  the  ground. 
The  standards  should  be  numerous  enough  at  first  to  allow  for 
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heavy  loss  from  wind  and  shock  when  the  sprouts  are  cut  away,  but 
they  should  never  be  allowed  to  suppress  the  lower  story  of  growth. 
Stored  coppice  is  a  very  useful  system  where  the  principal  demand 
is  for  small  material,  Uke  fuel,  ties,  and  fencing,  but  where  some 
large  timber  also  is  required.  It  was  developed  chiefly  by  the 
French,  who  use  it  with  admirable  results. 

Seed  or  high  forest. — By  far  the  most  useful  and  important  forests 
are,  as  a  rule,  those  which  spring  directly  from  seed,  such  as  the  pine 
forests  of  the  Southern  States  and  the  great  hardwood  forests  of  the 
Mississippi  Valley.  Such  forests  are  called  seed  forests.  The  seed- 
forest  systems  are  of  many  kinds,  some  of  which  are  peculiarly 
adapted  for  the  management  of  certain  forests  in  the  United  States. 
Just  as  the  sprout-forest  systems  are  chiefly  useful  to  produce  fuel, 
posts,  ties,  and  trees  of  small  size,  so  the  seed-forest  systems  are  pro- 
ducers of  sawlogs  and  large  timbers. 

Begnlar  seed  forest. — ^When  a  tract  of  woodland  is  destroyed  by 
fire  in  one  of  the  Rocky  Mountain  States,  it  often  happens  that  the 
seeds  of  the  lodgepole  pine  are  scattered  over  it  by  the  wind  in  pro- 
digious nmnbers.  The  seeds  germinate  abundantly,  seedlings  spring 
up,  and  in  a  very  few  years  a  young  even-aged  forest  of  lodgepole 
pine  covers  the  ground.  As  it  grows  older  fires  destroy  patches  of 
it  here  and  there,  and  in  time  every  patch  is  covered  again  with  a 
younger  generation  of  even  age.  After  many  years  the  forest  which 
sprang  up  after  the  first  fire  has  become  broken  into  a  number  of 
even-aged  patches  without  uniformity  in  size  or  regular  gradations 
in  age. 

Now  let  us  suppose  that  this  land  was  taken  in  hand  by  the  Gov- 
ernment when  the  lodgepole  pine  first  came  in,  and  that  the  lodgeix)le 
reaches  its  maturity  at  80  years.  If  the  government  forest  oflScers 
had  divided  such  a  forest  into  eighty  parts,  and  then  had  cut  the 
timber  from  one  part  each  year,  after  a  time  they  would  have  had 
eighty  divisions,  each  covered  with  even-aged  forest,  but  differing 
in  age  among  themselves  from  1  to  80  years.  Every  year  one  part 
would  reach  the  age  of  80  years  and  would  be  cut,  and  evidently  the 
other  seventy-nine  parts  would  always  be  stocked  with  trees  from  1 
to  79  years  old. 

When  the  trees  on  one  of  the  eighty  divisions  just  mentioned 
become  ripe  for  the  ax,  provision  must  be  made  for  a  new  crop. 
This  would  be  a  very  simple  matter  if  the  forest  on  that  division 
could  be  reproduced  naturally  in  one  year,  but  that  is  practically 
impossible.  Such  rapid  reproduction  can  be  got  only  by  planting, 
which  is  chiefly  useful  in  the  United  States  for  making  new  forests 
and  restoring  injxu'ed  forests,  not  for  renewing  old  ones.  Reproduc- 
tion from  the  seed  of  the  old  trees  is  the  only  kind  we  need  consider 
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hare.  In  order  to  bring  it  about  s  few  ripe  trees  are  first  cut  down, 
to  prepare  a  seedbed  by  giving  light  to  the  soil,  and  to  fit  the  seed 
trees  to  bear  more  abundantly  by  giving  the  crowns  more  room. 
Then,  when  a  good  crop  of  seed  is  Ukely  to  appear,  a  few  more  trees 
are  removed  to  give  the  future  seedlings  Ught  enough  for  healthy 
growth,  but  not  enough  to  expose  them  to  danger  from  frost,  drought, 
or  the  choking  of  grass  and  weeds,  for  young  trees  just  starting  in  life 
are  very  sensitive  and  easily  destroyed.  Finally,  as  the  young  trees 
grow  taller  and  stronger,  what  remains  of  the  old  crop  is  gradually 
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cut  away.    When  it  is  all  gone,  usually  from  ten  to  twenty  years 
have  passed  since  the  reproduction  cuttings  were  begun. 

This  is  the  system  of  regular  seed  forest.  It  is  difficult  to  apply, 
and  unsafe  except  in  experienced  hands.  It  has  often  been  necessary 
to  plant  large  areas  at  great  expense  because  reproduction  cuttings 
in  regular  seed  forest  have  failed.  The  transportation  of  the  timber 
is  frequently  expensive, ,  because  it  must  be  spread  over  a  number  of 
years.  On  the  other  hand,  when  it  is  well  applied  this  system  pro- 
duces the  highest  type  of  forest,  full  of  tall  straight  trunks  clear  of 
branches,  and  consequently  yields  a  high  grade  of  timber  and  a  large 
return  in  mone^. 
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Two-storied  seed  forest. — After  a  forest  fire  in  Maine  it  frequently 
happens  that  the  firet  tree  to  cover  the  ground  is  the  popple,  or  quak- 
ing aspen.  It  is  a  slender,  short-lived  tree,  intolerant  of  shade,  with 
a  light  crown.    After  the  popple  has  grown  for  some  years,  spruce 
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seedlings  spring  up  under  the  friendly  cover,  and  rapidly  follow  the 
popple  in  height.  There  grows  up  in  this  way  a  forest  composed  of 
an  upper  and  a  lower  story  of  growth,  in  which,  as  so  often  happens, 
the  lower  story  is  of  more  importance. 

The  system  of  two-storied  seed  forest  is  useful  when  a  tolerant  tree 
like  the  spruce  is  to  be  grown  under  the  shade  of  an  intolerant  tree 
like  the  aspen.  In  countries  where  forestry  is  well  developed  it  is 
usual  to  plant  young  trees  of  tolerant  species  under  older  intolennt 
trees,  to  make  a  cover  for  the  soil  and  to  prevent  the  growth  of  grass 
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and  weeds.  Forests  which  closely  resemble  two-storied  seed  forests 
are  common  in  the  United  States,  but  usually  as  the  result  of  fire  or 
careless  cutting.  Such  are,  for  example,  the  forests  of  pine  over  oak 
in  the  southeastern  United  States,  and  of  birch,  beech,  and  maple 
imder  white  pine  in  Michigan,  Wisconsin,  and  Minnesota.  It  often 
happens,  as  in  the  case  of  the  spruce  and  aspen,  that  both  stories  can 
not  live  on  in  good  health  together,  and  that  the  upper  one  must  die 
or  be  cut  away  if  the  lower  is  to  prosper. 

Selection  forest. — ^When  a  stand  of  aspen  dies  away  from  a  young 
crop  of  spruce,  the  ground  is  no  longer  completely  shaded,  and  there 
is  light  and  room  for  other  kinds  of  trees  to  come  in.  Thus,  birch 
and  maple  seeds  may  be  blown  in  by  the  wind  and  beechnuts  carried 
and  planted  by  squirrels,  and  evei^ually  the  pure  stand  of  spruce  is 
changed  into  a  mixed  forest  of  various  ^es.  As  the  trees  grow  older, 
some  of  the  spruce  may  be  destroyed  by  beetles  or  thrown  by  the 
wind,  and  some  of  the  broadleaf  trees  may  die  from  fungous  disease. 
Into  the  openings  made  by  the  death  of  older  members  of  the  forest 
fall  the  seeds  from  which  younger  members  spring.  So  little  by  little 
the  forest  loses  its  even-aged  character  and  there  comes  into  existence 
what  is  caUed  a  natural  or  selection  forest,  in  which  trees  of  all  ages 
are  everywhere  closely  mixed  together.  Most  virgin  forests  are 
selection  forests. 

The  silvicultural  system  called  pure  selection  is  applied  to  forests 
of  this  kind.  It  is  used  chiefly  for  protection  forests  in  places  where  it 
is  desirable  to  keep  the  cover  always  unbroken;  elsewhere  it  is  out 
of  place.  Under  this  system  the  annual  increase  of  the  forest  must 
be  found  before  the  yield  can  be  determined.  (See  p.  7.)  Then  the 
fully  mature  trees  are  cut  in  every  part  of  the  forest  every  year. 
The  cost  of  logging  is  high,  for  where  single  trees  are  taken  here  and 
there,  roads  or  other  means  of  transport  must  be  very  numerous  and 
costly  in  proportion  to  the  amount  of  the  cut. 

Localized  selection. — ^Logging  under  the  system  just  mentioned  is 
so  expensive  as  to  prevent  its  application  in  the  United  States,  except 
for  woods  like  cherry  and  black  walnut,  which  have  a  special  and 
unusual  value.  But  if,  instead  of  taking  the  yield  from  every  part 
of  a  selection  forest,  a  comparatively  smaU  area  is  cut  over  each  year, 
the  cost  of  logging  may  be  very  greatly  reduced.  Such  a  method  is 
admirably  adapted  to  certain  forest  regions  in  the  United  States,  as, 
for  example,  to  the  Adirondack  Mountains  of  New  York,  where  the 
forest  is  composed  equally  of  coniferous  and  broadleaf  trees.  The 
conifers  are  the  more  valuable,  and  among  them  the  principal  lumber 
tree  is  the  spruce. 

The  Forest  Service  has  found  by  many  careful  measurements  that 
if  all  spruce  trees  12  inches  and  over  in  diameter  are  cut  from  certain 
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portions  of  the  Adirondack  forest,  the  younger  spruce  will  grow  up 
find  replace  the  original  stand  of  timber  in  about  twenty  years. 
But  this  will  not  happen  unless  the  rules  for  cutting  are  faithfully 
observed,  nor  will  it  happen  more  than  once  unless  enough  old  trees 
are  left  standing  for  seed.  Such  a  forest  may  then  be  divided  into 
twenty  parts,  and  the  merchantable  timber  about  12  inches  in  diam- 
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eter  may  safely  be  cut  from  one  division  every  year.  By  the  time 
the  last  of  the  twenty  divisions  has  been  cut  over,  the  first  will  have 
upon  it  a  stand  of  mature  spruce  equal  in  quantity  to  that  of  twenty 
years  before.  The  yield  of  the  whole  forest  in  spruce  for  a  sin^e 
year  may  be  cut  each  year  from  one-twentieth  of  the  whole  area. 
If  all  the  divisions  were  cut  over  five  times  in  the  life  of  a  mature  tree, 
then  one-fifth  of  the  standing  timber  would  be  taken  from  each 
division  at  each  cutting.  Thus,  if  it  took  one  hundred  years  for  a 
tree  to  become  ripe  for  the  ax,  the  cutting  (at  intervals  of  twenty 
years)  would  return  five  times  during  the  life  of  the  tree,  at  its  twen- 
tieth, fortieth,  sixtieth,  eightieth,  and  one  hundredth  years. 

This  is  the  system  of  locaUzed  selection.  It  is  simple  and  easy  to 
apply,  and  even  if  mistakes  occur  they  are  not  apt  to  have  dangerous 
consequences.  It  is  very  elastic  and  has  many  forms,  and  it  is  well 
adapted  to  many  different  kinds  of  forest.     Logging  is  cheap,  because 
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the  area  cut  over  in  any  one  year  is  small,  and  the  reproduction  ig 
provided  for  by  natural  seeding  in  the  openings  of  the  forest 

The  ^ronp  system. — It  often  happens  that  all  the  trees  o'  a  small 
group  in  the  forest  are  killed  by  &re  or  insects  at  about  the  same 
time.  In  the  opening  thus  made  the  ground  is  quickly  covered  with 
young  growth,  which  extends  back  under  the  old  trees  as  far  as  the 
light  will  permit.  Tlie  seedlings  are  usually  tallest,  strongest,  and 
most  numerous  directly  under  the  middle  of  the  opening,  and  gradu- 
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ally  decrease  at  the  sides.  If  the  win<l  should  throw  some  trees  at 
the  edges  of  such  an  opening  the  young  growth  would  gradually 
extend,  and  if  the  same  thing  should  continue  to  happen  in  the  end 
all  the  old  trees  would  have  disappeared  anil  their  places  would  have 
been  taken  by  young  growth.  The  group  system  is  an  imitation 
of  this  process. 

Under  the  group  system  openings  are  made  here  and  there  in  the 
forest  by  cutting  away  ripe  trees'    As  the  reproduction  proceeds,  the 
80193— Bull.  358—09 3 
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old  trees  about  the  openings  are  gradually  cut  away,  and  the  groups 
of  young  growth,  spreading  from  the  onginal  openings  like  drops  of 
oil  on  water,  finally  meet. 

This  is  one  of  the  simplest  and  most  useful  of  all  the  systems,  and 
when  the  openings  are  made  small  at  first  no  other  is  so  safe.  It  is 
especially  adapted  to  small  pieces  of  foreat,  such  as  woodlots,  because 
it  is  simple,  and  because  it  assures  the  safety  of  the  forest  even  with 
very  little  skill  or  care  on  the  part  of  the  owner. 

The  strip  ByBteiii.^In  nearly  every  wooded  region  of  the  United 
States  a  tornado  occasionally  destroys  the  trees  in  a  long  and  narrow 
belt  through  the  forest.     Fire  often  follows  and  clears  the  strip  by 
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burning  up  the  fallen  timber.  Seeds  then  fall  in  the  opening,  carried 
from  the  trees  on  either  side,  the  seeds  germinate  and  grow,  and  the 
reproduction  of  the  forest  takes  place. 

When  the  ax  takes  the  place  of  the  tornado  and  the  timber  is  lodged 
instead  of  being  burned,  the  strip  system  is  appUed.  Reproduction 
follows  from  trees  on  either  side,  as  before. .  The  strip  system  consists 
in  cutting  long  narrow  openings  in  the  mature  timber  instead  of  the 
circular  openings  of  the  group  sj'stem,  to  which  it  is  similar  in  many 
ways.  It  is  simple  and  effective  when  natural  reproduction  ia  good, 
and  well  suited  for  extensive  operations  in  places  where  careful  work 
is  impossible.  The  strips  are  usually  not  over  100  yards  in  width. 
Where  the  soil  is  dry,  they  are  nm  east  and  west  to  protect  the  young 
growth  against  the  sun,  and  are  comparatively  narrow.  If  there  is 
serious  danger  of  windfall,  they  lie  at  right  angles  to  the  direction  of 
the  wind. 
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These  are  the  most  important  of  the  silvicultural  systems.  They 
.  have  many  modifications,  and  indeed  each  forest  may  require  a 
special  form  of  its  own,  which  must  be  devised  or  adapted  for  it  by 
the  forester.  But  whatever  the  form,  the  object  is  always  to  use  the 
forest  and  provide  for  its  future  at  the  same  time. 

Improvement  cuttings. — Very  many  forests  in  the  United  States, 
and  especially  many  wootllots,  are  in  poor  condition  and  unfit  for  the 
immediate  apphcation  of  any  silvicultural  system.  They  need  to  be 
put  in  order,  and  for  that  purpose  improvement  cuttings  are  usually 
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required.  In  the  end  these  cuttings  should  remove  all  trees  which 
the  forest  is  better  without,  but  they  should  be  made  gradually,  so 
as  not  to  open  the  cover  too  much  and  expose  the  soil  to  the  wind  and 
the  sun.  In  general,  it  is  unwise  to  cut  more  than  25  per  cent  of  the 
poles  and  older  trees  in  a  dense  mature  forest,  or  to  cut  oftener  on 
the  same  ground  than  once  in  five  years.  Improvement  cuttings  of 
course  should  never  fall  on  trees  which  are  to  form  the  future  crop, 
but  they  should  remove  spreading  older  trees  over  promising  young 
growth;  poor  trees  which  are  crowding  more  valuable  ones;  unsound 
trees  whose  places  will  be  taken  by  others  of  greater  value,  or  which 
are  themselves  becoming  less  valuable  from  year  to  year;  and  seed 
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treea  of  undesirable  species  likely  to  reproduce  themselves,  if  repro- 
duction of  more  useful  kind  is  well  assured.     The  great  majority  of 
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woodlots  need  such  cutting,  and  when  they  do,  whatever  wood  b  taken 
from  them  should  be  cut  in  this  way. 
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WOBK  19  THE  WOODS. 

The  products  of  the  forest  are  among  the  things  which  civilized 
men  can  not  do  without.  Wood  is  needed  for  building,  for  fuel,  for 
paper  pulp,  and  for  unmmibered  other  uses,  and  trees  must  be  cut 
down  to  supply  it.  It  would  be  both  useless  and  mistaken  to  try  to 
stop  the  cutting  of  timber,  for  it  could  not  cease  without  great  injury, 
not  to  the  limibermen  only,  but  to  all  the  people  of  the  nation.  The 
question  is  not  of  saving  the  trees,  for  every  tree  must  inevitably  die, 
but  of  saving  the  forest  by  conservative  ways  of  cutting  the  trees.^ 
If  the  forest  is  to  be  preserved,  the  timber  crop  now  ripe  must  be 
gathered  in  such  a  way  as  to  make  sure  of  other  crops  hereafter. 

In  general,  it  is  true  that  the  present  methods  of  lumbering  are 
unnecessarily  destructive  and  wasteful.  This  is  not  because  lum- 
bermen are  more  greedy  of  gain  or  less  careful  of  pubUc  interests  than 
other  business  men,  for  they  are  not.  It  happens  partly  because  in 
this  country,  compared  with  France  and  Germany  and  other  densely 
j>opidated  r^ions,  there  is  so  much  timber  in  proportion  to  the  popu- 
lation that  it  does  not  pay  the  lumberman  to  take  anything  more 
than  the  better  parts  of  the  trees  he  fells.  The  lumberman  can  not 
do  his  work  unless  he  does  it  at  a  profit,  and  he  must  do  it,  for  lumber 
is  indispensable.  Consequently,  although  much  of  the  waste  in  lum- 
bering is  not  only  unnecessary  but  actually  costly  to  the  lumberman, 
for  the  present  it  is  impossible  to  avoid  waste  altogether.  It  will  be 
easier  to  do  so  when  the  methods  and  advantages  of  conservative 
lumbering,  which  is  forestry,  are  better  known  to  the  American 
lumbermen,  and  are  therefore  in  more  general  use.  Although  rough 
conservative  methods  have  often  been  practiced  in  the  past,  the 
success  of  the  lumbermen  who  made  the  trial  was  generally  but  par- 
tial, because  their  knowledge  of  the  forest  was  partial  also.  They 
were  often  deceived  by  imderestimates  of  the  capacity  for  tree  growth 
of  the  lands  they  were  handling,  because  accurate  measurements  were 
wanting,  and  they  seldom  made  full  use  of  the  reproductive  power  of 
the  forest.  More  recent  attempts,  based  on  better  knowledge,  have 
been  successful  in  almost  every  case. 

Lumbermen  in  America  are  second  to  none  in  skill  and  ingenuity, 
in  the  perfection  of  their  tools,  and  in  the  effectiveness  of  the  methods 
they  have  devised.  The  nations  of  Europe,  although  they  have  given 
far  more  attention  to  forestry  than  we,  are  very  much  behiad  the 
United  States  in  these  respects.  So  it  is  not  surprising  that  Ameri- 
cans have  been  slow  to  change  their  methods,  especially  when  methods 
and  Itmibermen  ahke  have  often  been  attacked  as  wrongly  and  intem- 
perately  as  the  foreign  methods  have  been  praised  and  recommended. 
Grerman  methods  would  be  as  much  out  of  place  in  America  as  Ameri- 
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can  methods  in  Germany.  What  American  foresters  should  do  and 
are  doing  is  to  combine  the  general  principles  of  forestry,  which  are 
true  all  the  world  over,  with  American  methods  of  lumbering.  The 
product  will  be  a  system  of  forestry  especially  adapted  to  the  United 
States.     The  foimdations  of  such  a  system  are  already  laid. 

CONSEBVATIVE  LTJMBEBINa. 

Something  was  said  in  the  last  chapter  about  the  systematic 
methods  of  conservative  lumbering.  With  the  gradual  understand- 
ing and  apphcation  of  these  methods  by  American  lumbermen, 
already  well  begun,  and  with  the  work  in  the  woods  rightly  carried 
out,  there  is  but  one  reason  why  the  great  majority  of  the  forests  now 
standing  in  the  United  States  should  not  in  the  end  be  lumbered 
steadily  and  systematically,  or  why  they  should  fail  to  yield  a  steadily 
increasing  return.  That  reason  is  the  rapid  destruction  of  the  forests 
themselves.  There  is  grave  danger  that  the  best  of  our  forests  will 
all  be  gone  before  their  protection  and  perpetuation  by  wise  use  can 
be  begun.  The  spread  of  a  working  knowledge  of  practical  forestry 
is  likely  to  be  too  slow. 

Conservatiye  lumbering  and  ordinary  lumbering.  —  Conservative 
lumbering  is  distinguished  from  ordinary  lumbering  in  three  ways: 

First.  The  forest  is  treated  as  a  working  capital  whose  purpose 
is  to  produce  successive  crops. 

Second.  With  that  purpose  in  view,  a  working  plan  is  prepared 
and  followed  in  harvesting  the  forest  crop. 

Third.  The  work  in  the  woods  is  carried  on  in  such  a  way  as  to 
leave  the  standing  trees  and  the  young  growth  as  nearly  unharmed 
by  the  lumbering  as  possible. 

A  forest  working  plan  is  intended  to  give  all  the  information 
needed  to  decide  upon  and  carry  out  the  best  business  pohcy  in 
handling  and  perpetuating  a  forest.  It  gives  this  information  in 
the  form  of  a  written  statement,  which  covers  some  or  all  of  the 
following  topics:  It  shows  the  present  stand  and  condition  of  the 
forest,  and  gives  rules  for  the  selection  and  marking  of  trees  to  be  cut, 
for  making  the  reproduction  sure,  and  for  the  protection  of  young 
and  old  standing  trees  during  the  logging.  The  working  plan  also 
predicts  the  future  yield  of  the  forest,  basing  its  prediction  on  careful 
measurements  which  show  how  many  standing  trees  of  different 
diameters  will  be  left  per  acre  after  the  first  cutting,  and  how  fast 
these  young  trees  grow.  Finally,  it  estimates  the  future  return  in 
money,  taking  into  account  the  taxes,  interest,  and  other  expenses 
on  one  side  and  the  future  crop  on  the  other.  In  order  to  make 
this  estimate  entirely  safe  it  is  usually  based  on  the  present  price 
of  stumpage,  although  its  future  value  will  certainly  be  much  higher. 
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Felling  the  trees. — The  difference  between  the  practical  work 
under  ordinary  lumbering  and  under  conservative  lumbering  is 
chiefly  in  the  selection  of  the  trees  to  cut,  in  felling  them,  and  in  the 
first  part  of  their  journey  from  the  stump  to  the  mill.  Under  a 
working  plan  the  trees  to  cut  are  chosen  in  such  a  way  that  when 
they  are  gone  the  forest  will  suffer  but  little  from  their  absence, 
because  their  places  will  be  taken  by  others  as  quickly  as  possible. 
Usually  the  trees  selected  are  first  stamped  with  a  marking  hatchet 
to  prevent  mistakes,  and  then  the  next  step  Is  to  cut  them  doum. 


The  amount  of  harm  done  to  the  forest  by  the  cutting  t 
considerably  upon  the  season  of  the  year  when  the  work  in  the  woods 
is  carried  on.  Less  damage  results  to  the  young  growth  and  the 
trees  left  standing  if  the  lumbering  is  done  after  the  growing  season 
is  over  than  if  it  goes  on  in  the  spring  and  sunmier  wliile  the  bark 
is  loose  and  the  leaves  and  twigs  are  tender. 

A  tree  may  be  felled  either  with  the  ax  or  with  the  saw.  In  either 
case  the  first  thing  to  consider  is  the  height  above  the  ground  at 
which  the  cut  is  to  he  made.  High  stumps  needlessly  waste  the 
best  timber  in  a  sound  tree.  T^w  stumps  are  slightly  more  difficult 
to  cut,  and  therefore  a  Uttle  more  expensive,  but  the  additional 
cost  is  more  than  balanced  by  the  gain. 
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The  measurements  made  by  the  Forest  Service  have  shown  that 
the  loss  from  cutting  high  stumps  on  a  tract  of  100,000  acres  in  the 
Adirondacks,  yielding  on  an  average  15  standards  per  acre,  would  be 
30,000  standards,  or  at  a  stumpage  value  of  60  cents  per  standard 
"would  be  $16,000. 


Flo.  It.— pToMdion  to  young  growth  in  loggtng.    Blltmore,  N.  C. 

The  second  thing  to  consider  in  felling  a  tree  is  how  to  get  it  down 
without  breaking  or  splitting  the  trunk.  On  rocky,  uneven  ground 
this  is  often  a  hard  thing  to  do,  but  unless  it  can  be  accomplished  the 
tree  would,  as  a  rule,  better  be  left  untouched. 

Most  important  of  all  for  the  perpetuation  of  the  forest,  each  tree 
must  be  thrown  where  it  will  not  unnecessarily  injure  other  trees  or 
crush  in  its  fall  the  young  seedlings  on  which  the  future  of  the  forest 
depends.  It  happens  very  commonly  in  ordinary  lumbering  that 
vigorous,  sound  young  trees  are  split  and  ruined  in  great  numbers  by 
old  trees  falling  upon  them,  when  it  would  be  perfectly  easy  and 
almost  or  quite  as  convenient  to  throw  the  latter  where  they  would 
do  little  or  no  harm. 

Finally,  it  must  cost  as  little  as  possible  to  fell  each  tree,  for  to  be 
successful  conservative  lumbering  must  pay. 
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Swunping  uid  smwing .  —  When  the  trees  are  down  their  lower 
branches  are  chopped  oS  and  the  trunks  are  sawed  into  logs.  In 
falling,  a  tree  is  very  apt  to  bend  and  hold  down  beneath  its  trunk 
and  branches  many  younger  trees,  which  will  spring  up  straight 
again  if  they  are  quickly  released,  but  which  otherwise  will  be  killed 
or  permanently  hurt.  Therefore  it  is  very  important  to  work  up 
both  the  trunk  and  the  top  of  each  tree  as  soon  as  it  is  cut  down,  and 
30  prevent  it  from  destroying  the  young  trees  which  should  take  its 
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place.  Except  when  they  are  to  be  burned,  even  the  branches  of 
tops  which  can  not  be  used  should  ordinarily  be  cut  away  enough  to 
let  the  tops  sink  close  to  the  ground,  where  they  will  rot  as  speedily 
as  possible.  Dry  crowns  propped  clear  of  the  ground  by  their 
branches  rot  slowly,  bum  fiercely,  and  are  very  dangerous  in  case  of 
fire. 

Skidding. — ^When  the  trunks  have  been  sawed  into  logs  the  latter 
are  dragged  away  by  horses,  mules,  or  oxen,  or  in  some  cases  by  a 
long  wire  rope  which  is  wound  on  the  drum  of  a  donkey  engine.  This 
is  called  "skidding  the  logs."  In  this  way  thpy  are  collected  in  piles 
called  "roUways,"  or  assembled  in  "yards,"  or  otherwise  made  ready 
for  the  next  step  in  their  prepress  to  the  mill. 
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Care  is  needed  in  skidding  not  to  rub  or  tear  the  bark  from  valuable 
standing  trees  or  to  break  the  young  growth  down,  for  much  harm 
is  quickly  done  in  this  way.  Promising  young  trees  are  often  cut 
because  it  is  easier  to  use  them  for  corduroy  or  skids  or  for  other 
purposes  in  the  logging  than  to  take  others  less  straight  or  less  con- 
veniently at  hand,  or  because  they  are  somewhat  in  the  way,  or  even 
from  habit,  when  it  would  really  be  easier  to  let  them  alone.  A  very 
little  care  in  preserving  young  growth  makes  an  astonishing  difference 
in  the  future  value  of  a  forest. 

Transportation. — After  the  skidding  the  logs  may  be  transported 
to  the  sawmill  in  many  different  ways.     Sometimes  they  are  loaded 
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on  sleds  and  drawn  over  carefully  made  ice  roads  to  a  logging  rail- 
road or  to  the  bank  of  a  stream.  When  the  stream  is  not  swift  or 
deep  enough  to  carrj-  the  logs  of  itself,  splash  dams  are  built,  in  which 
great  quantities  of  water  are  held  back  for  a  time.  When  such  a  dam 
is  opened  the  water  is  set  free  and  great  numbers  of  logs  may  be 
driven  far  down  the  stream  by  the  sudden  flood.  In  larger  streams 
the  logs  are  sometimes  made  into  rafts,  or  they  may  be  driven  singly 
down  the  river.  The  log  drivers  who  do  this  work  learn  to  balance 
themselves  on  the  floating,  rolling  Ktgs,  and  walk  on  them  almost  as 
easily  as  on  the  solid  ground.  Sometimes  locomotives  drag  the  logs 
behind  them  over  the  ties,  or  they  are  hauled  on  cars  which  run  over 
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poles  cut  in  the  woods  instead  of  over  metal  rails;  often  they  are 
rolled  into  slides  built  of  other  logs,  and  either  move  downhill  by  their 
own  weight  or  are  dragged  along  by  horses,  cattle,  or  steam.  In 
southern  swamps  the  logs  are  sometimes  swung  up  by  a  wire  rope  sus- 
pended from  the  trees,  and  so  are  loaded  on  the  great  flatboat  which 
carries  them  to  the  mill. 

At  the  mills. — At  the  mills  the  logs  are  cut  into  lumber  by  various 
kinds  of  saws.  Of  these  the  circular  saw  is  still  very  widely  used, 
although  the  wide  bite  or  kerf  which  it  cuts  in  the  log  makes  it  very 
wasteful  of  timber.  A  lai^  circular  saw  makes  a  kerf  a  quarter  of  an 
inch  wide,  so  that  in  cutting  four  one-inch  boards  enough  wood  to 
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make  a  fifth  board  is  ripped  into  sawdust.  Band  saws  are  far  less 
wasteful,  for  they  are  thinner  and  make  a  narrower  kerf.  Hence  tliey 
are  taking  the  place  of  the  circular  saws,  although  they  do  not  work  so 
rapidly.  Many  mills,  in  addition  to  their  band  saws  or  circulars,  use 
gang  saws,  which  cut  out  several  boards  at  the  same  time. 

Besides  lumber,  the  best  sawmills  produce  great  quantities  of  lath 
and  shingles,  made  either  from  small  logs  called  "bolts,"  cut  specially 
for  that  purpose,  or  from  slabs,  edgings,  an<l  other  pieces  of  wood 
which  might  otherwise  be  wasted.  But  in  spite  of  every  effort  to  pre- 
vent waste  in  the  mill  by  using  sawdust  and  other  refuse  for  fuel,  and 
in  other  ways,  very  many  thousands  of  tons  of  wood  a  year  are 
thrown  into  great  burners  as  the  cheapest  method  of  getting  it  out  of 
the  way. 
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When  the  lumber  has  been  sawed  it  may  be  piled  and  seasoned  in 
the  yard  or  kiln-dried  before  it  is  sent  to  market  or  sold  at  the  mill. 
Some  sawmills  on  Puget  Sound  are  built  on  piles  over  the  water,  so 
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that  the  lumber  is  loaded  into  vessels  directly  from  the  saws.     Others 

load  their  product  on  the  cars  and  distribute  it  by  rail.     Still  others 

on  the  Pacific  slope  float  their  timber  away  in  a  narrow  wooden 

trough  called  a  "flume,"  through  which 

flows  a  rapid  stream  of  water.     These 

flumes  are  sometimes  over  40  miles  in 

length,  and  cost  almost  as  much  to 

build   as   a   railroad.     Many  sawmiUs 

have    connected   with    them    planing 

mills  or  woodworking  factories  of  other 

kinds,  so  that  the  rough  lumber  from 

their  saws  is  changed  into  the  form  of 

a  finislied  product  before  it  reaches  the 

market. 

Waste  in  lambering. — ^This  is  very 
briefly  the  way  in  which  a  tree  gets 
into  tlie  market  at  the  end  of  its  life.  oiaiog. 

At  e^ery  step  there  is  some  waste.  Although  it  may  be  sound 
throughout,  the  lumbermen  in  the  woods  can  take  but  a  portion  of 
it,  often  leaving  a  part  of  the  trunk  and  all  of  the  top  to  rot  on  the 
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ground.  When  each  log  comes  to  the  saw  there  is  a  further  loss  of 
nearly  all  the  slabs  and  edgings  and  all  the  sawdust  that  is  not  used 
for  fuel.  On  the  average  it  is  doubtful  whether  more  than  half  of 
the  cubic  contents  of  a  standing  tree  is  finally  used.  As  prices  rise 
and  as  conservative  lumbering  comes  to  be  generally  practiced,  the 
greater  part  of  this  enormous  loss  will  be  avoided,  but  it  can  probably 
never  cease  altogether. 

PLANTINa. 

It  has  often  been  proposed  to  plant  trees  in  order  to  repair  the 
damage  done  to  the  forests  by  the  lumbermen.  Tree  planting  is 
most  useful  in  all  the  treeless  or  scantily  wooded  portions  of  our 
country  where  planted  trees  will  grow,  and  wherever  forests  have  been 
very  severely  injured  or  destroyed,  but  it  is  generally  far  too  expensive 
to  take  the  place  of  conservative  limibering  in  regions  already  forested. 
An  acre  of  grow'ng  natural  forest  can  be  bought  in  nearly  every  for- 
ested part  of  our  country  for  less  than  it  would  cost  to  plant,  4  feet 
apart,  an  acre  of  seedlings  a  few  inches  high.  The  true  way  to  save 
the  forests  is  not  to-plant  new  ones,  but  to  protect  and  rightly  use 
those  which  are  standing  now.  The  extension  of  the  forest  to  regions 
which  are  without  it  is  a  most  important  task,  but  it  must  not  be 
confounded  with  the  conservative  use  of  the  forests  now  standing. 
For  such  use  there  is  no  substitute  whatever. 

THE  WEATHEB  AKD  THE  STBEAMS. 

The  central  point  of  public  interest  in  forestry  in  the  United  States 
was  imtil  recently  the  influence  of  forests  on  climate.  It  is  natural 
that  the  connection  between  the  immense  forests  and  vast  plains  and 
the  wonderfully  various  climates  of  this  continent  should  have 
awakened  attention.  It  is  a  matter  which  is  easily  written  and 
talked  about  without  any  thorough  understanding  of  forestry  itself, 
and  in  this  it  differs  from  other  branches  of  the  subject.  In  dealing 
with  the  weather  one  touches  a  thing  which  affects  the  daily  life  of 
everyone,  and  which,  to  very  many,  holds  the  balance  between  pov- 
erty and  prosperity.  It  is  therefore  unfortunate  that  so  much  of  the 
writing  and  talking  upon  this  branch  of  forestry  has  had  little  definite 
fact  or  trustworthy  observation  behind  it.  The  friends  and  the 
enemiesof  the  forest  have  both  said  more  than  they  can  prove.  Both 
have  tried  to  establish  the  truth  of  their  opinions  by  referring  to 
observations  of  temperature  and  rainfall  which  cover  too  short  a 
time  to  prove  anything,  or  by  hearsay  and  general  impressions,  which 
are  not  to  be  trusted  in  such  matters.  Such  discussions  make  nothing 
dear  except  that  the  pith  of  the  matter  has  not  been  reached  by 
either  party. 
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The  discussion  of  forest  influeDce  on  climate  began  in  this  way. 
When  the  French  revolution  broke  out  in  1789,  the  old  restrictions 
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on  the  management  of  private  forests  were  removed,     A  wholesale 
cutting  of  these  timberlands  promptly  followed,  and  as  early  as  1792 
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the  consequences  began  to  be  observed.  The  question  of  forests  and 
climate  was  then  raised  for  the  first  time;  but  questions  of  this  kind 
can  not  be  answered  without  long  and  careful  observations.  Such 
observations  were  begun  by  Becquerel  in  France  and  Knitsch  in 
Germany  about  the  middle  of  the  last  century,  but  it  was  not  until 
1867  that  a  satisfactoiy  way  of  making  them  was  devised.  This  was 
the  E^tem  of  double  stations — one  within  the  forest,  the  other  at  a 
distance  in  the  open.     It  was  first  put  in  operation  by  Professor 


Ebermayer,  now  of  the  Bavarian  Forest  School.  By  this  means  the 
amount  of  moisture  and  heat  in  the  forest  may  be  compared  with  that 
in  the  open,  and  in  the  end  a  full  and  satisfactory  answer  will  prob- 
a.bly  be  reached. 

In  order  to  find  how  great  the  influence  of  forests  on  climate  may  be, 
w^e  must  first  see  what  are  the  factors  which  make  climate.  Then 
we  may  ask  which  of  these  factors  can  be  affected  by  the  forest,  and 
in  what  way. 

The  climate  of  any  place  on  the  earth's  surface  results  from  the 
action  of  the  sun's  heat  upon  it.  Climate  is  tlie  average  condition  of 
the  weather.  It  depends,  first  of  all,  on  the  distance  of  a  place  from 
the  equator  and  its  elevation  above  the  sea.  Secondly,  it  depends 
on  the  distribution  of  land  and  water,  the  relief  of  the  land,  whether 
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flat,  hilly,  or  mountainous,  and  the  character  of  the  surface  covering. 
These  are  all  connected  with  the  temperature  in  a  specicd  manner. 
Lastly,  it  is  affected  by  the  winds  and  the  moistiu'e  of  the  atmosphere. 
Now,  it  is  clear  that  of  all  these  factorp  of  climate  the  forest  can 
influence  only  the  wind,  the  moisture,  and  the  surface  covering;  but 
heat  (with  which  the  surface  covering  has  so  much  to  do),  moisture, 
and  wind  are  the  three  things  which  change  when  we  say  that  the 
weather  changes.  These  are  just  the  points  where  a  change  due  to 
the  forest  would  have  most  effect  on  daily  life.  The  influence  of  the 
forest  is  exerted  upon  them  in  two  ways: 

First.  The  forest  cover  intercepts  the  rain  and  the  rays  of  the  sun, 
checks  the  movement  of  the  air,  and  reduces  the  radiation  of  heat  at 
night. 

Second.  The  waste  from  the  trees  and  from  certain  plants  which 
grow  only  in  their  shade  forms  the  forest  floor,  which  has  much  to  do 
with  the  movement  of  water  on  the  ground  and  within  it.  The  influ- 
ence of  the  forest  cover  and  the  forest  floor  appears  in  the  temperature 
of  the  air,  the  evaporation  of  water,  the  rainfall,  and  the  course  of  the 
rain  water  after  it  has  reached  the  earth. 

EFFECT  OF  FOREST  COVER  ON  TEMPEBATTTBE. 

So  far  as  the  influence  of  the  forest  is  concerned,  the  temperature 
of  the  air  is  affected  chiefly  by  the  forest  cover.  The  leaves,  which 
compose  the  greater  part  of  the  cover,  contain  from  50  to  70  per  cent 
of  water.  More  heat  is  required  to  raise  the  temperature  of  a  pound 
of  water  one  degree  than  for  a  pound  of  almost  any  other  substance, 
and  so  it  happens  that  bare  soil  or  rock  exposed  to  the  rays  of  the  sun 
becomes  heated  many  times  faster  than  the  water  in  the  leaves. 
While  the  heated  rock  or  soil  was  warming  the  air  about  it  the  forest 
cover  would  still  be  absorbing  heat  and  keeping  the  air  below  it  cool. 
The  leaves  of  the  cover  also  tend  to  cool  the  air  by  transpiration,  which 
is  the  evaporation  of  water  from  the  leaves.  This  is  true  because 
heat  is  required  to  change  water  into  water  vapor,  and  a  part  of  the 
sun^s  heat  is  taken  up  for  this  purpose.  In  these  two  ways  the  forest 
cover  acts  somewhat  like  a  surface  of  water. 

The  growth  of  the  tree  itself  also  helps  to  cool  the  air.  When  the 
leaves  take  carbonic-acid  gas  from  the  air  they  break  it  up  and  force 
its  carbon  into  new  chemical  compounds,  which  are  then  stored  away 
as  new  material  in  the  tree.  So  wath  water  and  the  other  substances 
upon  which  the  plant  feeds.  But  the  elements  are  less  at  ease  in 
these  new  compounds,  and  heat  is  required  to  force  them  to  make  the 
change.  When  we  bum  wood  for  fuel  we  are  simply  getting  back 
again  the  heat  which  was  used  to  bring  about  this  change.  So  we 
may  say  rouglily  that  the  air  about  the  tree  during  its  lifetime  has 
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been  deprived  of  as  much  heat  as  would  be  given  off  if  the  whole  tree 
were  burned. 

The  effect  of  the  cooler  air  of  the  forest  is  felt  to  some  distance  in 
the  open  country.  During  the  day,  in  calm  summer  weather,  when 
the  air  is  warmer  than  the  tree  tops,  it  is  gradually  cooled  by  contact 
with  the  cooler  leaves  and  twigs.  In  cooling  it  becomes  heavier  and 
falls  toward  the  ground.  A  rising  current  of  warmer  air  is  formed  to 
supply  its  place,  and  so  the  colder  air  flows  off  along  the  surface  into 
the  open  country  and  causes  local  breezes.  At  night  the  air  currents 
are  reversed.  The  air  in  the  forest  is  then  warmer  than  the  air  out- 
side, because  the  cover  checks  the  radiation  of  heat,  and  so  the  colder 
air  moves  from  the  open  country  toward  the  woods.  In  these  ways 
the  influence  of  the  forest  is  felt  at  a  distance. 

The  amount  of  this  cooling  of  the  air  has  been  measured  in  certain 
places.  It  is  naturally  found  to  be  greatest  in  summer;  while  in 
winter  and  at  night  the  air  in  the  tree  tops  is  a  Uttle  warmer  than  in 
the  open.  It  is  important  to  add  that  the  cooling  effect  of  the  forest 
is  greater  than  the  average  in  the  mountains,  and  less  in  the  plains. 

EXTBBHES  OF  HEAT  AND  COLD. 

The  extremes  of  heat  and  cold  are  moderated  by  the  forest.  Obser- 
vations on  this  point  have  been  made,  for  example,  in  Bavaria  and 
Wurttemberg.  They  showed  that  the  lowest  temperature  of  every 
day  in  the  year  was  higher,  on  an  average,  by  nearly  2°  in  the  forest, 
while  the  highest  temperature  was  lower  by  nearly  4*^.  The  greatest 
heat  of  the  day  in  the  siunmer  was  7^°  less  in  the  forest  than  outside. 
Prussian  observations  showed  that  for  ten  years  the  greatest  heat  of 
the  day  in  July  was,  on  an  average,  nearly  6°  lower  in  the  forest,  and 
the  greatest  cold  of  the  night  in  January  nearly  3°  less  than  outside. 
It  should  not  be  forgotten  that  the  latitude,  the  elevation,  and  the 
exposure  had  a  powerful  influence  on  these  differences,  which  are  also 
greatly  affected  by  the  kind  of  trees  and  the  density  of  the  forest. 

It  must  be  borne  distinctly  in  mind  that  the  figures  given  above 
are  reUable  only  for  the  places  in  central  Europe  where  they  were 
observed.  But  the  principles  on  which  they  depend  are  just  as  true 
in  America  as  they  are  in  Europe.  Natural  laws  are  the  same  the 
world  over.  It  is  safe  to  conclude,  then,  that  in  the  United  States 
the  forest  modifies  the  temperature  of  the  air  in  certain  ways  and 
for  certain  reasons,  both  of  which  we  have  seen.  Just  how  great  tliis 
influence  is  in  different  parts  of  this  continent  it  is  as  yet  impossible 
to  tell.  But  it  is- probably  greater  on  the  average  than  these  observa- 
tions indicate,  for  two  reasons:  First,  the  extremes  of  heat  and  cold, 
moisture  and  dryness,  are  much  greater  here  than  in  central  Europe, 
and  changes  are  more  sudden;  second,  in  most  of  the  double  stations 
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mentioned  above  the  station  outside  the  forest  was  within  less  than 
a  mile  of  it,  and  thus  likely  to  be  influenced  by  the  cooler  air  currents 
flowing  from  it ;  that  is,  the  real  effect  of  the  presence  or  absence  of 
woods  over  large  stretches  of  country  is  probably  greater  than  these 
observations  show. 

A  system  introduced  in  Austria  is  expected  to  give  a  clearer  idea  of 
the  distance  to  which  the  forest  influence  reaches.  It  consists  of 
lines  of  stations  beginning  in  the  center  of  a  large  forest  and  extending 
step  by  step  into  the  open  country  beyond. 

XOISTXTBE  IK  FOBBST  AIB. 

The  moisture  of  the  air  is  greater  in  the  forest  than  outside.  The 
absolute  quantity  of  water  vapor  in  a  cubic  foot  of  air  is  generally 
the  same  in  both  places,  but  the  forest  air  is  cooler,  and  therefore  its 
relative  hiunidity  is  greater.  Relative  humidity  is  the  amount  of 
vapor  actually  in  the  air,  expressed  as  so  much  per  cent  of  all  it  could 
hold  at  the  same  temperature.  The  amoimt  of  water  that  the  air 
can  hold  changes  when  the  temperature  changes,  but  in  such  a  way 
that  air  cooled  until  it  is  only  half  as  warm  as  before  can  hold  much 
less  than  half  as  much  vapor.  If  a  hot  and  a  cold  stream  of  air,  both 
saturated  with  water  vapor,  meet  and  mix,  the  mixture  can  no 
longer  hold  as  much  vapor  as  the  two  streams  separately,  and  a  part 
is  condensed,  usually  in  the  form  of  rain  or  sijow.  Grerman  and  Swiss 
observations  have  shown  that  the  average  himwdity  is  greater  in  the 
forest  by  from  3  to  10  per  cent.  This  difference  increases  with  the 
altitude  above  sea  level  and  the  density  of  the  forest  cx>ver.  The 
increase  of  himiidity  explains  why  dew  is  more  frequent  in  the  neigh- 
borhood of  the  forest  than  at  a  distance. 

EVAPORATION. 

The  water  which  falls  to  the  earth  froni  the  atmosphere  had  first 
to  be  evaporated,  so  that  year  by  year  the  quantity  of  water  which 
the  air  takes  from  the  surface  of  the  globe  by  evaporation  is  the 
same  as  that  which  falls  upon  it  in  the  shape  of  rain,  hail,  snow, 
and  dew.  The  effect  of  the  forest  on  this  great  movement  of  water 
is  to  detain  more  of  it  on  those  portions  of  the  earth  which  are  shel- 
tered by  trees.  It  does  this  partly  by  tending  to  increase  the  rain- 
fall, but  its  effect  in  lessening  the  loss  of  water  through  evapora- 
tion is  probably  much  more  important.  The  colder  and  moister 
air  of  the  forest  has  less  capacity  for  taking  up  water  vapor  than 
that  of  the  open  coimtry.  It  is  also  quieter,  which  means  that  the 
winds  are  less  active  in  replacing  saturated  air  with  air  which  cun 
still  take  up  more  water.    The  forest  acts  powerfully  in  checking 
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the  force  of  the  winds  because  the  elastic  swaying  of  the  twigs  and 
branches  is  a  very  effective  hindrance  to  the  movement  of  the  air. 
Strong  winds,  although  they  are  often  dangerous  in  themselves,  do 
most  harm  by  drying  up  the  moisture  in  the  soU  and  in  the  plants 
which  grow  from  it.  Thousands  of  miles  of  wind-breaks  have  been 
planted  by  farmers  in  the  western  parts  of  this  country  to  protect 
their  crops  and  homes  against  the  wind.  These  wind-breaks  serve 
a  most  useful  purpose,  but  they  are  naturally  far  less  effective  in 
preventing  evaporation  than  the  forest  itself.  So  great  is  the  power 
of  the  latter  that  direct  observations  made  in  Bavaria  and  Prussia 
showed  that  evaporation  from  a  free  surface  of  water  in  the  forest 
was  only  40  per  cent  of  that  in  the  open. 

The  presence  or  absence  of  leaf  mold  has  a  powerful  effect  on  the 
amount  of  evaporation  from  forest  soil.  The  experiments  of  Doctor 
Ebermayer,  a  famous  Grerman  forest  meteorologist,  showed  that  evapo- 
ration from  forest  soil  without  a  layer  of  mold  was  47  per  cent  of  that 
from  soil  in  the  open,  while  with  a  layer  of  mold  it  was  less  than 
half  as  much,  or  22  per  cent.  The  greater  the  altitude  above  the 
sea  the  greater  is  the  effect  of  the  forest  in  preventing  evaporation. 
This  is  a  powerful  reason  for  preserving  mountain  forests  at  the 
headwaters  of  streams,  especially  in  the  Rocky  Moimtain  regions 
of  the  United  States.  Evaporation  is  there  so  active  that  great 
banks  of  snow  lying  in  the  full  glare  of  the  sun  often  disappear 
without  melting  even  enough  to  moisten  the  ground  on  the  hillsides 
below  them.  Vast  quantities  of  water  evaporate  in  this  way  with- 
out ever  reaching  the  streams.  Measurements  made  by  the  Geo- 
logical Survey  show  that  evaporation  from  snow  may  be  four  or  five 
times  as  great  as  from  water  imder  like  circumstances. 

BAINFALL. 

The  causes  of  rain  are  for  the  most  part  wholly  beyond  the  reach 
of  influence  from  the  forest.  Such  are  the  great  currents  of  warm 
and  cold  water  in  the  ocean,  the  direction  of  the  prevailing  winds, 
and  the  presence  or  absence  of  mountain  ranges.  But  there  are  two 
reasons  which  lead  us  to  beUeve  that  forests  do  affect  the  rainfall. 
These  are  their  colder  and  moister  air,  and  the  resistance  which  they 
offer  to  the  motion  of  the  winds.  A  great  number  of  observations 
has  been  made  in  different  parts  of  the  world  to  discover  how  much 
the  rainfall  really  is  affected  by  the  forest,  but  for  several  reasons  no 
generally  accepted  result  has  yet  been  reached.  In  the  first  place, 
accurate  observations  on  rainfall  are  not  easy  to  make.  The  height 
above  the  ground  at  which  a  rain  gauge  is  placed  affects  it  very  seri- 
ously.   A  variation  of  10  feet  in  height  will  often  make  more  differ- 
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ence  in  the  amount  of  rain  caught  than  most  observers  claim  for  the 
whole  action  of  the  forest.  The  rainfall  of  two  stations  at  unequal 
heights  above  sea  level  is  sometimes  wrongly  compared,  because  the 
difference  in  rainfall  may  be  caused  by  the  difference  in  altitude. 
Finally,  the  best  observations  that  have  been  made  point  to  different 
conclusions.  For  example,  measurements  taken  in  Prussia  go  to 
show  that  there  is  an  increase  of  rain  over  the  forest,  and  that  it  is 
greater  the  higher  the  station.  Thus,  near  the  level  of  the  sea  it  was 
only  1.25  per  cent  greater  than  over  the  open  coimtry,  while  at  alti- 
tudes between  2,000  and  3,000  feet  it  reached  43  per  cent.  Observa- 
tions made  at  Nancy,  in  France,  which  Ues  about  700  feet  above  the 
sea,  show  an  average  yearly  increase  of  16  per  cent.  The  Bavarian 
observations,  on  the  contrary,  do  not  indicate  more  rain  over  the 
forest.  The  best  evidence  at  hand  fails  to  show  a  decrease  in  rain- 
fall over  the  United  States  in  the  last  hundred  years,  in  spite  of  the 
immense  areas  of  forest  that  have  been  burned  and  cut.  But  it 
should  not  be  forgotten  that  most  of  those  areas  have  grown  up 
again,  first  with  brush,  and  afterwards  with  trees,  so  that  the  pro- 
portion of  land  covered  with  leaves  is  stiU  very  large  in  all  that  part 
of  the  country  which  was  once  under  forest.  In  India,  again,  a  large 
amount  of  statistics  has  been  collected  which  leads  to  the  conclu- 
sion that  forests  do  influence  rainfall.  The  truth  probably  is  that 
more  rain  faUs  over  the  forest  than  over  open  country  similarly 
placed,  but  how  much  more  it  is  impossible  to  say.  The  excess  falls 
chiefly  in  the  form  of  summer  showers.  One  of  the  best  authorities 
has  estimated  the  difference  at  10  per  cent. 

'       FALUSN  BAIN. 

Whatever  doubt  there  maybe  about  the  action  of  the  forest  in  pro- 
ducing rain,  there  is  none  about  its  effect  on  rain  water  after  it  has 
fallen.  When  ram  falls  over  a  dense  forest  from  less  than  one-tenth 
to  about  one-fourth  of  it  is  caught  by  the  trees.  A  small  part  of 
this  water  may  reach  the  ground  by  running  down  the  trunks,  but 
the  greater  part  of  it  is  evaporated,  and  so  increases  the  humidity  of 
the  air.  That  which  passes  through  the  crowns  falls  upon  the  forest 
floor,  which  sometimes  has  an  absorbing  power  so  great  that  it  can 
hold  for  a  while  a  rainfall  of  5  inches.  Yet  this  water  does  not 
remain  in  the  porous  floor,  but  in  the  end  runs  off  into  the  streams, 
or  is  evaporated,  or  sinks  into  the  ground.  That  which  gets  into  the 
ground  is  either  taken  up  by  the  roots  or  goes  to  feed  the  springs  and 
water  courses. 

Rain  which  falls  over  a  bare  slope  acts  differently.  It  is  not  caught 
by  the  crowns  nor  held  by  the  floor,  nor  is  its  flow  into  the  streams 
hindered  by  the  timber  and  the  fallen  waste  from  the  trees.     It  does 
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not  sink  into  the  ground  more  than  half  as  readily  ss  in  the  forest,  as 
experiments  have  shown.  The  result  is  that  a  great  deal  of  wat«r 
reaches  the  streams  in  a  short  time,  which  is  the  reason  why  floods 
occur.  It  is  therefore  trae  that  forests  tend  to  prevent  floods.  But 
this  good  influence  is  important  only  whfin  the  forest  covers  a  lai^ 
part  of  the  drainage  basin  of  the  stream.  Even  then  the  forest  may 
not  prevent  floods  altt^ther.  The  forest  floor,  which  has  more  to  do 
with  the  fallen  rain  water  than  any  other  part  of  the  forest,  can  affect 


Rq.  &— BeglnnliiES  of  avflloD  In  Bull  tramped  ban  by  itocfc.    SlerTs  Nsvada  Uoimtalos,  CalUOrnla. 

its  flow  only  so  long  as  it  has  not  taken  up  all  the  water  it  can  hold. 
That  which  falls  after  the  forest  floor  is  saturated  runs  into  the  streams 
almost  as  fast  as  it  would  over  bare  ground. 

An  unforested  drainage  basin  in  the  San  Bernardino  Mountains  of 
southern  California  was  found  by  the  Forest  Service  to  dischat^  the 
rain  it  received  more  than  twice  as  rapidly  as  similar  forested  basins 
near  by.  In  consequence  the  stream  in  the  former  went  dry,  while 
the  streams  in  the  latter  were  still  flowii^  abundantly. 

In  these  ways  it  happens  that  in  mountain  countries,  where  floods 
are  most  common  and  do  most  harm,  the  forests  on  the  higher  slopes 
are  closely  connected  with  the  prosperity  of  the  people  in  the  valleys 
below. 
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Water  in  motion  was  nature's  most  powerful  tool  in  shaping  the 
present  surface  of  the  earth.  In  placsee  where  the  slopes  are  st«ep,  the 
structure  of  the  ground  loose,  and  the  rainfall  abundant,  water  m&y 
work  very  rapidly  in  cutting  away  the  heights  and  filling  the  valleys. 
The  destruction  of  the  forest  in  such  a  region  exposes  the  surface  to 
the  direct  action  of  falling  ram  and  is  certain  to  be  followed  by  the 
formation  of  torrents.  The  danger  is  greatest  when  the  soil  has  been 
laid  bare  by  the  browsing  and  the  hoofs  of  grazing  animals,  among 
which  sheep  and  goata  are  especially  destructive,  or  where  the  forest 
floor  has  been  burned  away. 


Fid.  23.— Rlcb  bottomland  trashed  out  by  tlooda.    Nortli  Carcriliu. 

When  these  conditions  are  both  present,  as  in  parts  of  the  Sierra 
Nevada  Mountains  of  California,  of  the  Cascade  Range  in  Oregon,  and 
in  many  other  parts  of  the  West,  the  prosperity  of  the  valleys  is  in 
serious  danger.  Fire  and  overgrazing  on  the  mountains  combine  to 
endanger  the  future  water  supply  of  irrigated  or  irrigable  areas  in  the 
valleys  below.  When  rain  falls  over  mountains  which  have  so  been 
deprived  of  their  natural  protection  it  is  no  longer  caught  and  held 
back  by  the  trees  and  the  forest  floor.  The  roots,  which  were  once  the 
strongest  means  of  binding  the  soil  together,  now  are  gone  and  leave  it 
without  protection  against  the  rushing  water.     Heavy  rains  or  sudden 
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tfaawa  swell  the  streams  with  marvelous  quickness,  and  give  them  a 
wonderful  power  to  cut  away  their  banks.  Where  the  waterway  is 
Tery  steep  such  a  flood  often  carries  with  it  many  times  its  own  weight 
of  earth  and  stones.  As  it  nears  the  valley  it  breaks  from  its  bed  and 
makes  new  channels,  or  spreads  over  the  lowlands.  The  current  loses 
its  swiftness,  and  its  load  o(  stones  and  sterile  earth  sinks  to  the  bot- 
tom, the  heavier  pieces  first.  Where  it  falls  the  beds  of  rivers  are 
filled  up  and  fertile  lands  are  covered  with  pebbles  and  sand. 


For  a  time  after  such  a  flood  the  streams  are  usually  low,  because 
the  water  which  should  have  fed  them  for  weeks  or  months  has  run  off 
in  a  few  days.  This  may  be  quite  as  serious  a  matter  for  the  farmers 
as  the  destruction  of  their  fields,  as,  for  example,  in  places  like  south- 
ern California,  where  the  crops  depend  on  urigation  with  the  water 
of  streams  which  rise  in  the  mountains.  Torrents  have  begun  to  form 
there  in  the  San  Bernardino  Mountains,  and  have  already  carried 
stones  and  sand  into  the  orange  groves,  and  even  into  the  towns  of  the 
San  Gabriel  Valley.  Before  the  water  of  the  San  Gabriel  River  was 
so  largely  taken  out  for  irr^ation  it  was  rapidly  cutting  away  the 
fertile  land  on  either  side  of  its  shifting  bed,  and  it  seemed  likely  that 
serious  loss  .of  property  would  follow.  This  is  the  direct  result  of 
fire  and  grazing  in  the  mountains. 
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The  pasturage  of  sheep  in  the  Alps  of  southern  France  was  the 
chief  cause  of  the  destructive  torrents  with  which  the  French  Govern- 
ment has  been  struggling  for  many  years.  The  direct  loss  to  the 
French  people  has  been  enormous,  and  in  addition  the  work  of  cor- 
rection alone  has  cost  upward  of  $35,000,000.  Although  wonder- 
fully successful  hitherto,  it  is  still  far  from  finished. 


no.  35.— Unfweitsd  mtenhed  Id  Uh  Ban  BenunUiiD  Uountalitt.    Sautbem  CalUfmU. 

FOKESTRT  ABBOAD  AVD  AT  HOME. 

FOKBBTRY  AB&OAD. 

Except  China,  all  civihzed  nations  care  for  the  forest.  Until 
recently  the  United  States  ranked  nearly  with  China  in  this  respect, 
and  our  country  still  remains  far  behind  the  progressive  modem 
nations  in  nearly  all  that  relates  to  the  protection,  preservation,  and 
conservative  use  of  the  forest.  Japan  has  a  well-developed  forest 
service  and  a  national  forest  school.  In  Austria,  Italy,  and  Norway 
and  Sweden  government  forestry  ia  a  well-established  portion  of  the 
national  life.  Turkey,  Greece,  Spain,  and  Portugal  give  attention 
to  the  forests.  Kussia,  dealing  like  ourselves  with  vast  areas  of 
forests  in  thinly  peopled  regions,  but  by  methods  wholly  different 
from  our  own,  is  drawing  enormous  revenues  from  the  systematic 
care  and  use  of  the  forests.     In  Germany  the  scientific  treatment  of 
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forests  has  reached,  perhaps,  its  highest  development.  The  foresters 
of  France  have  perfected  a  most  practical  and  effective  general  sys- 
tem of  forestry  and  have  created  the  difficult  art  of  controlling  the 
floods  of  momitain  torrents  by  planting  trees.  The  Republic  of 
Switzerland,  by  the  use  of  methods  most  instructive  to  citizens  of 
the  United  States,  has  developed  a  type  of  government  forest  poUcy 
more  worthy  of  our  attention  and  imitation  than  any  other  in  Europe. 
In  Australia  and  New  Zealand  forestry  has  already  made  important 
advances.  In  Canada  the  English  have  made  real  progress  in  for- 
estry. The  Grovemment  sells  the  timber  from  its  forests,  but  retains 
possession  of  the  lands  and  employs  fire  guards.  At  the  Cape  of  Good 
Hope  they  have  an  excellent  forest  service.  In  British  India  they 
have  met  and  answered  many  questions  which  still  confront  the 
American  forester,  and  in  a  little  more  than  thirty  years  have  created 
a  forest  service  of  great  merit  and  high  achievement.  The  United 
States  has  scarcely  yet  begun. 

THB  rOBBST  IN  XABLT  TDOBS. 

In  very  early  times  the  forest  was  preserved  for  the  game  it  con- 
tained. Forestry  then  meant  the  art  of  hunting,  and  had  very  little 
to  do  with  the  care  of  trees.  Even  the  word  ** forest,^'  which  really 
comes  from  the  Latin /am,  meaning  out-of-doors,  was  thought  in 
England  to  be  derived  from  the  fact  that  it  was  a  place  given  up  to 
wild  animals/or  rest.  But  gradually  the  forest  came  to  be  considered 
more  than  the  game,  and  the  serious  study  of  forestry  began. 

MODXBN  rOBBSTBT. 

Forestry  as  a  science  is  of  comparatively  recent  origin,  although  a 
work  in  which  all  the  European  trees  are  described  was  one  of  the 
earliest  printed  books.  Until  the  end  of  the  eighteenth  century  for- 
estry was  discussed  chiefly  by  men  who  were  either  scholars  or  prac- 
tical woodsmen,  but  who  were  not  both.  Then  appeared  Hartig 
and  Cotta,  two  men  who  united  these  points  of  view,  and  their  writ- 
ings are  at  the  base  of  the  whole  modem  growth  of  the  subject. 
Both  were  German.  Each  covered  the  whole  field  as  it  was  then 
understood,  and  together  they  exerted  an  influence  which  has  not 
been  approached  by  any  other  authors  since.  From  Grermany  their 
teaching  spread  to  France,  and  early  in  the  nineteenth  century  their 
doctrines  were  introduced  into  the  French  Forest  School  at  Nancy 
by  Lorentz,  who,  with  his  successor,  Parade,  was  the  founder  of 
modem  forestry  in  France. 

Under  the  feudal  system,  which  was  finally  destroyed  in  France 
b/  the  revolution  of  1789,  the  forest  was  the  property  of  the  feudal 
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lord.  In  order  to  make  the  life  of  his  serfs,  who  were  useful  both 
as  taxpayers  and  as  fighting  men,  easier,  and  so  increase  their  num- 
ber, he  gave  them  the  privilege  of  taking  from  his  forest  the  wood 
which  tbey  required.  For  similar  reasons  the  wealthy  religious 
houses,  like  that  of  the  Grande  Chartreuse,  made  grants  of  land  and 
of  rights  in  the  forest.  But  after  a  time  the  number  of  peasants 
increased  so  much  that  their  wants  absorbed  nearly  the  whole  produce 
of  the  woodlands.  Then  it  was  found  necessary  to  limit  the  pre- 
scriptive rights  to  forest  products  by  restricting  them  to  certain  parts 
of  the  forest,  or  to  make  an  end  of  them  by  exchanging  them  for  the 
absolute  ownership  of  smaller  areas.  Thus  many  of  the  communities, 
to  which,  and  not  to  individual  peasants,  these  rights  belonged,  came 
to  possess  forests  of  their  own.  But  the  communes,  as  they  were 
called,  managed  their  forests  badly,  and  about  three  hundred  years 
ago  the  Government  was  forced  to  intervene.  Under  the  manage- 
ment of  oflBcers  of  the  government  forest  service,  the  results  from 
the  communal  forests  have  been  excellent.  At  present  these  forests 
not  only  supply  fuel  to  the  villages  which  own  them,  but  in  some 
cases  they  produce  enough  to  pay  all  the  village  taxes  as  well. 

Germany. — Germany  still  holds  the  high  position  in  forest  science 
which  began  with  Hartig  and  Cotta.  The  German  forest  schools, 
of  which  there  are  seven  of  the  higher  grades,  are  still  among  the  very 
best,  and  the  study  of  forestry,  both  in  the  schools  and  in  the  forest 
experiment  stations,  is  eagerly  pursued.  The  forests  in  Prussia, 
Saxony,  and  other  German  States  are  admirably  managed,  and  yield 
important  returns.  The  total  value  of  the  German  forests,  public 
and  private,  is  said  to  be  about  $4,500,000,000. 

France. — ^Forestry  in  France  has  long  been  associated  with  the 
names  of  famous  men.  Henry  of  Navarre  and  his  friend  and  minister, 
Sully;  Palissy,  the  great  potter,  who  called  the  neglect  of  the  forest 
prevalent  in  his  time  "not  a  mistake,  but  a  calamity  and  a  curse  for 
France;"  Colbert,  the  minister  of  Louis  XTV;  the  botanist  Duhamel 
du  Monceau;  Buff  on,  the  celebrated  naturalist,  are  among  the  men 
to  whom  France  owes  the  rise  and  progress  of  her  present  excellent 
forest  policy.  Their  peculiar  service  was  to  lay  the  foundation,  both 
in  law  and  in  public  opinion,  upon  which  modem  forestry  in  France 
now  rests. 

The  forests  of  the  French  Government  are  admirably  managed. 
They  cover  only  about  2,750,000  acres,  but  they  yield  a  net  return 
each  year  of  more  than  $2  per  acre.  Besides  handling  their  national 
forests  with  great  intelligence  and  success,  the  French  foresters  have 
done  much  for  the  general  progress  of  forestry.  They  developed  the 
art  of  reforesting  denuded  mountains,  and  were  the  first  to  plant  trees 
on  moving  sand  dunes  along  the  seashore.     More  than  150,000  acres 
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of  these  dimes,  which  once  were  blown  about  by  the  wind  until  they 
overwhelmed  great  stretches  of  fertile  ground,  and  even  threatened 
to  bury  whole  towns,  are  now  covered  with  forests  of  pine,  and 
produce  great  quantities  of  turpentine,  lumber,  and  charcoal. 

Switzerland.  —  In  Switzerland  forestry  received  attention  from 
very  early  times.  Nearly  two  hundred  years  before  the  discovery 
of  America  the  city  of  Zurich  began  to  make  rules  for  the  protection 
and  management  of  the  Sihlwald,  a  forest  which  it  still  owns,  and 
which  now  yields  an  annual  return  of  about  $8  per  acre.  In  the 
Canton  of  Bern  a  decree  of  the  year  1592  warned  the  people  against 
the  wasteful  use  of  timber  and  provided  for  the  protection  of  the 
forest  along  various  lines.  It  also  directed  that  for  every  tree  cut 
down  a  young  one  should  be  planted  in  its  place.  It  is  curious  to 
find  this  mistaken  prescription  for  the  ills  of  the  forest  already  in 
fashion  more  than  three  centuries  ago.  To  save  the  forest  every 
old  tree  must  be  replaced  by  many  young  ones. 

The  first  general  forest  law  of  Bern  was  passed  as  early  as  1725. 
It  embodied  the  most  important  principles  of  wise  forest  legislation 
as  we  know  them  to-day.  But  this  was  only  one  of  a  long  series  of 
forest  laws  in  which,  from  the  beginning,  the  idea  of  the  importance 
of  the  forest  to  others  besides  its  owner  became  steadily  stronger. 
The  citizens  of  Bern  have  grown  ever  more  wiUing  to  place  restric- 
tions on  themselves  for  the  benefit  of  the  Commonwealth. 

There  were  great  floods  in  Switzerland  in  1834,  and  they  were  the 
cause  of  a  general  awakening  of  interest  in  forestry.  Somewhat 
later  a  federal  forest  commission  was  appointed.  Since  the  appear- 
ance of  its  final  report  in  1861  the  progress  of  forestry  in  Switzerland 
has  been  steady.  In  1875  a  federal  forest  inspector  was  appointed, 
and  a  year  later  the  first  Swiss  forest  law  was  passed.  This  law 
does  not  extend  to  the  whole  of  Switzerland,  but  only  to  the  Alps 
and  the  steeper  foothills.  In  a  country  of  steep  mountains  it  is  of  first 
importance  to  guard  the  forests  on  the  higher  slopes.  Consequently 
all  the  forests  on  these  higher  lands  which  serve  to  protect  the  low- 
lands against  floods,  avalanches,  and  other  similar  dangers  of  wind 
and  weather  are  put  in  charge  of  the  Swiss  federal  forest  service. 

A  great  saying  of  LandoU:  ''Our  forest  laws,"  said  Elias  Landolt, 
a  great  and  simple  man,  whose  name  stands  first  among  Swiss  for- 
esters, *'are  intended  to  work  more  through  instruction,  good 
example,  and  encouragement  than  by  severe  regulations.  This 
method  is  somewhat  slower  than  one  which  should  involve  harsher 
measures,  but  the  results  achieved  are  more  useful  and  lasting. 
When  forest  owners  do  something  because  they  are  convinced  of  its 
usefulness- it  is  done  well  and  with  an  eye  to  the  future,  but  what 
they  do  under  compulsion  is  done  carelessly  and  neglected  at  the 
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first  opportunity.  What  they  have  come  to  learn  m  this  way  and 
have  recognized  as  good  will  be  carried  out,  and  that  better  and  better 
from  year  to  year." 

British  India. — For  many  years  after  the  British  conquest  forestry 
in  India  made  very  Uttle  progress.  Much  time  was  wasted  in  half 
measures,  until  in  1856  Doctor  (now  Sir  Dietrich)  Brandis  was  put 
in  charge  of  the  teak  forests  of  Pegu.  He  acted  at  once  upon  the 
idea  of  preserving  them  by  making  them  pay.  At  first  the  output 
of  teak  had  to  be  somewhat  restricted,  much  against  the  will  of  the 
timber  merchants  of  Rangoon,  who  protested  that  the  business  of 
their  city  would  be  ruined.  But  after  this  momentary  check  the 
teak  trade  of  Rangoon  grew  until  it  was  far  greater  than  ever  before, 
and  it  is  now  a  chief  and  increasing  source  of  the  prosperity  of  that 
city. 

The  appointment  of  Doctor  Brandis  was  the  b^inning  of  the 
Indian  forest  service.  In  1866  he  was  made  inspector-general  of  for- 
ests, and  from  that  time  progress  was  rapid.  The  Indian  forest  serv- 
ice now  has  nearly  300  superior  officers  and  over  10,000  rangers  and 
forest  guards.  It  has  charge  of  about  200,000  square  miles  of  forest, 
and  produces  a  net  revenue,  after  all  expenses  have  been  paid,  of 
about  $3,000,000  a  year.  In  addition,  the  forests  fmnish  to  peasant 
holders  of  forest  rights  products  whose  value  is  estimated  to  be  con- 
siderably greater  than  the  whole  cost  of  the  forest  service.  About 
30,000  square  miles  are  effectively  protected  against  fire,  at  an  aver- 
age yearly  cost  of  less  than  half  a  cent  per  acre.  These  admirable 
results  are  especially  interestiug  because  India  is  Uke  the  United 
States  in  the  great  extent  and  variety  of  her  forests  and  in  the  number 
and  fierceness  of  forest  fires. 

FOBESTBY  AT  HOME. 

The  forests  of  the  United  States  cover  an  area  of  about  699,500,000 
acres ;  or  more  than  35  per  cent  of  the  siu^ace  of  the  country.  Before 
so  large  a  part  of  them  was  destroyed  they  were  perhaps  the  richest 
on  the  earth,  and  with  proper  care  they  are  capable  of  being  so  again. 
Their  power  of  reproduction  is  exceedingly  good. 

In  the  Northeastern  States,  and  as  far  west  as  Minnesota,  once 
stretched  the  great  white  pine  forest  from  which,  since  settlement 
began,  the  greater  part  of  our  Imnber  has  come.  South  of  it,  in  a 
broad  belt  along  the  Atlantic  and  the  Gulf  coasts,  Ues  the  southern 
pine  forest,  whose  most  important  tree  both  for  lumber  and  naval 
stores  is  the  southern  yellow  pine.  In  the  Mississippi  Valley  lies  the 
interior  hardwood  forest  of  oaks,  hickories,  ashes,  gums,  and  other 
hardwood  trees.  It  is  bordered  on  the  west  by  the  plains,  which 
cover  the  eastern  slope  of  the  continental  divide  until  tiiey  meet  the 

358 


PBAGTIGAL  FOBESTBY.  45 

evergreen  Rocky  Mountain  forest,  which  clothes  the  slopes  of  this 
great  range  from  the  Canadian  line  to  Mexico.  Separated  from  the 
Rocky  Mountain  forest  by  the  interior  deserts,  the  Pacific  coast  forest 
covers  the  flanks  of  the  Sierras,  the  Cascades,  and  the  Coast  ranges. 
Its  largest  trees  are  the  giant  sequoia  and  the  great  coast  redwood, 
and  its  most  important  timber  is  the  fir. 

The  forests  of  the  Philippine  Islands  cover  an  area  of  more  than 
40,000,000  acres.  Their  timbers,  almost  wholly  different  from  those 
of  the  United  States,  are  exceedingly  valuable,  both  as  cabinet 
woods  and  as  construction  timber.  An  efficient  forest  service  was 
organized  in  1898,  and  following  its  reorganization  in  1902  a  new 
and  excellent  forest  law  was  passed  in  1904.  The  Philippine  forest 
service  costs  but  half  as  much  as  the  revenue  received  from  the 
forests  of  the  islands. 

The  island  of  Porto  Rico  contains  a  national  forest  reserve,  the 
site  of  which  was  once  covered  with  valuable  hardwoods;  but  this 
forest  has  been  much  abused.  Porto  Rico,  like  the  Philippines,  has 
many  kinds  of  wood  valuable  for  cabinetmaking. 

The  settler  and  the  forest. — ^When  the  early  settlers  from  the  Old 
World  landed  on  the  Atlantic  coast  of  North  America  they  brought 
with  them  traditions  of  respect  for  the  forest  created  by  generations 
of  forest  protection  at  home.  The  country  to  which  they  came  was 
covered,  for  the  most  part,  with  dense  forests.  There  was  so  little 
open  land  that  ground  had  to  be  cleared  for  the  plow.  It  is  true 
that  the  forest  gave  the  pioneers  shelter  and  fuel,  and  game  for  food, 
but  it  was  often  fiUed  with  hostile  Indians,  it  henuned  them  in  on 
every  side,  and  inmiense  labor  was  required  to  win  from  it  the  soil 
in  which  to  raise  their  necessary  crops.  Naturally,  it  seemed  to 
them  an  enemy  rather  than  a  friend.  Their  respect  for  it  dwindled 
and  disappeared,  and  its  pljace  was  taken  by  hate  and  fear. 

The  feeling  of  hostility  to  the  forest  which  grew  up  among  the 
early  settlers  continued  and  increased  among  their  descendants 
long  after  all  reason  for  it  had  disappeared.  But  even  in  the  early 
days  far-sighted  men  began  to  consider  the  safety  of  the  forest.  In 
1653  the  authorities  of  Charlestown,  in  Massachusetts,  forbade  the 
cutting  of  timber  on  the  town  lands  without  permission  from  the 
selectmen,  and  in  1689  the  neighboring  town  of  Maiden  fixed  a 
penalty  of  5  shillings  for  cutting  trees  less  than  1  foot  in  diameter 
for  fuel.  An  ordinance  of  William  Penn,  made  in  1681,  required 
that  1  acre  of  land  be  left  covered  with  trees  for  every  5  acres  cleared. 
But  these  measures  were  not  well  followed  up,  and  the  needless 
destruction  of  the  forest  went  steadily  on. 

First  steps  in  forestry. — ^More  than  a  hundred  years  later,  in  1795, 
a  conunittee  of  the  Society  for  the  Promotion  of  Agriculture,  Arts, 
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and  Manufactures  in  New  York  made  a  report  on  the  best  way  to 
preserve  and  increase  the  growth  of  timber.  Four  years  afterwards 
Congress  appropriated  $200,000  for  the  purchase  and  preservation 
of  timberlands  to  supply  ship  timbers  for  the  navy,  and  in  1822, 
with  the  same  object  in  view,  it  authorized  the  President  to  employ 
the  army  and  navy  to  protect  and  preserve  the  live  oak  and  red 
cedar  timber  of  the  Government  in  Florida.  Since  that  time  more 
and  more  attention  has  been  given  to  the  forests.  In  1828  Governor 
De  Witt  Clinton,  of  New  York,  spoke  of  the  reproduction  of  our 
woods  as  an  object  of  primary  importance,  and  in  the  same  year 
the  Government  began  an  attempt  to  cultivate  live  oak  in  the  South 
for  the  use  of  the  navy.  Three  years  later  an  act  was  passed  which 
is  still  almost  the  only  protection  for  the  much-abused  forests  of  the 
public  domain. 

In  1872  the  Yellowstone  National  Park  was  established,  and  in 
1873  Congress  passed  the  timber-culture  act,  which  gave  Government 
land  in  the  treeless  regions  to  whoever  would  plant  one-fourth  of  his 
claim  with  trees.  In  1875,  the  American  Forestry  Association  was 
formed  in  Chicago  through  the  efforts  of  Dr.  John  A.  Warder,  who 
was  one  of  the  first  men  to  agitate  forest  questions  in  the  United 
States.  In  the  centennial  year  (1876)  Dr.  Franklin  B.  Hough,  per- 
haps the  foremost  pioneer  of  forestry  in  America,  was  appointed 
special  agent  in  the  Department  of  Agriculture.  This  was  the  begin- 
ning of  educational  work  in  forestry  at  Washington.  Soon  afterwards 
Congress  began  to  make  appropriations  to  protect  the  public  timber, 
but  nothing  was  done  to  introduce  conservative  forest  management. 

About  this  time  forest  associations  began  to  be  established  in  the 
different  States,  the  most  influential  and  effective  of  which  has  been 
that  in  Pennsylvania.  The  States  also  began  to  form  forest  boards 
or  commissions  of  their  own. 

In  1888  the  first  forest  bill  was  introduced  in  Congress.  It  failed 
to  pass,  but  in  1891  an  act  was  passed  which  was  the  first  step  toward 
a  true  policy  for  the  forests  of  the  nation.  The  first  step  toward 
national  forestry  is  control  of  the  national  forests.  This  act,  whose 
chief  purpose  was  to  repeal  the  timber-culture  act,  contained  a  clause 
which  authorized  the  President  to  reserve  timber  lands  on  the  public 
domain,  and  so  prevent  them  from  passing  out  of  the  possession  of 
the  Government. 

The  public  domain. — In  all  the  States  and  Territories  west  of  the 
Mississippi  except  Texas,  and  in  Ohio,  Indiana,  Illinois,  Michigan, 
Wisconsin,  Florida,  Alabama,  and  Mississippi,  all  the  land  originally 
belonged  to  the  Government.  This  was  the  public  domain.  It  has 
gradually  been  sold  or  given  away  until  in  many  of  the  States  it  has 
all  or  nearly  all  passed  to  other  owners.    But  it  still  includes  more 
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than  470,000,000  acres,  or  nearly  one-third  of  the  United  States,  not 
inchiding  the  Territory  of  Alaska,  which  has  an  area  of  about 
350,000,000  acres.  A  large  part  of  the  public  domain  has  been  sur- 
veyed by  the  Government  and  divided  first  into  squares  6  miles  on 
each  side,  called  townships,  then  into  squares  of  1  mile,  called  sections, 
and  these  again  into  quarter  sections  and  smaller  divisions.  The 
lines  which  mark  these  divisions  are  straight  and  at  right  angles  to 
each  other.  When  any  part  of  the  pubUc  domain  is  reserved  or  dis- 
posed of  it  is  usually  located  by  reference  to  these  lines. 

Federal  forest  reserves. — ^When  power  was  given  the  President  to 
make  forest  reserves,  the  pubUc  domain  still  contained  much  of  the 
best  timber  in  the  West,  but  it  was  paissing  rapidly  into  private  hands. 
Acting  upon  the  wise  principle  that  forests  whose  preservation  is 
necessary  for  the  general  welfare  should  remain  in  Government  con- 
trol. President  Harrison  created  the  first  forest  reserves.  President 
Cleveland  followed  his  example.  But  there  was  yet  no  systematic 
plan  for  the  making  or  management  of  the  reserves,  which  at  the  time 
were  altogether  without  protection  by  the  Government.  Toward  the 
end  of  President  Qeveland's  second  administration,  therefore,  the 
National  Academy  of  Sciences  was  asked  to  appoint  a  commission 
to  examine  the  national  forest  lands  and  report  a  plan  for  their  con- 
trol. The  academy  did  so,  and  upon  the  recommendation  of  the 
National  Forest  Commission  so  appointed.  President  Cleveland 
doubled  the  reserve  area  by  setting  aside  13  additional  forest  reserves 
on  Washington's  Birthday,  1897. 

The  Cleveland  forest  reserves  awakened  at  once  great  opposition, 
and  led  to  a  general  discussion  of  the  forest  policy.  But  after  several 
years  of  controversy  widespread  approval  took  the  place  of  opposition, 
and  at  present  the  value  of  the  forest  reserves  is  generally  recognized. 

The  recommendations  of  the  National  Forest  Commission  for  the 
management  of  the  forest  reserves  were  not  acted  upon  by  Congress, 
but  the  law  of  Jime  4, 1897,  gave  the  Secretary  of  the  Interior  author- 
ity to  protect  the  reserves  and  make  them  useful.  The  passage  of 
this  law  was  the  first  step  toward  a  national  forest  service.  The 
second  step  was  the  act  of  Congress,  approved  February  1,  1905, 
which  transferred  the  control  of  the  national  forest  reserves  from  the 
Department  of  the  Interior  to  the  Department  of  Agriculture.  This 
act  consolidated  the  Government's  forest  work,  which  had  been 
divided  between  the  General  Land  Office  and  the  Bureau  of  Forestry, 
and  secured  for  the  reserves  the  supervision  of  trained  foresters. 

President  McKinley  and  after  him  President  Roosevelt  continued 
to  make  forest  reserves.  The  latter  introduced  a  system  of  examining 
the  proposed  forest  reserves,  so  that  now  their  boundaries  are  better 
located  than  ever  before.     Under  him  great  progress  has  been  made 
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by  the  Government  in  bringing  about  the  practice  of  forestry  by 
forest  owners  and  in  awakening  the  great  lumber  interests,  as  well  as 
the  people  in  general,  to  the  dangers  of  forest  destruction. 

The  forest  reserves  lie  chiefly  in  high  mountain  r^ons.  They  are 
62  in  number,  and  cover  an  area  (January  1,  1905)  of  63,308,319 
acrep.  They  are  useful  first  of  all  to  protect  the  drainage  basins  of 
streams  used  for  irrigation,  and  especially  the  watersheds  of  the  great 
irrigation  works  which  the  Government  is  constructing  under  the 
reclamation  law,  which  was  passed  in  1902.  This  is  their  most 
important  use.  Secondly,  they  supply  grass  and  other  forage  for 
many  thousands  of  grazing  animals  during  the  smnmer,  when  the 
lower  ranges  on  the  plains  and  deserts  are  barren  and  dry.  Lastly, 
they  furnish  a  permanent  supply  of  wood  for  the  use  of  settlers, 
miners,  lumbermen,  and  other  citizens.  This  is  at  present  the  least 
important  use  of  the  reserves,  but  it  will  be  of  greater  consequence 
hereafter.  The  best  way  for  the  Government  to  promote  each  of 
these  three  great  uses  is  to  protect  the  forest  reserves  from  fire. 

State  forestry. — ^Many  of  the  States  have  taken  -  great  and 
effective  interest  in  forestry.  Among  those  which  have  made  most 
progress  are  New  York  and  Pennsylvania.  New  York  has  a  state 
forest  preserve  of  1,436,686  acres,  and  Pennsylvania  one  of  700,000 
acres.  Michigan,  Minnesota,  and  other  Stat^  are  rapidly  following 
their  example. 

In  1892  the  first  example  of  systematic  forestry  in  the  United  States 
was  begun  at  Biltmore,  in  North  Carolina.  It  is  still  in  successful 
operation. 

The  first  professional  foresters  in  the  United  States  were  obliged  to 
go  abroad  for  their  training,  but  in  1898  professional  forest  schools 
were  established  at  Cornell  University,  in  New  York,  and  at  Biltmore, 
in  North  Carolina,  and  they  were  followed  by  the  Yale  Forest  School 
in  1900.  Others  have  sprung  up  since.  At  present,  thorough  and 
efficient  training  in  professional  forestry  can  be  had  in  the  United 
States. 
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LETTER  OF  TRANSMITTAL 


IJ.  vS.  Department  of  Agriculture, 

Bureau  op  Chemistry, 
Washington^  D.  (7.,  March  18,  1909. 
vSiR :  I  have  the  honor  to  submit  herewith  a  manuscript  on  domestic 
methods  of  canning  vegetables.     Mr.  Breazeale,  of  the  Laboratory  of 
Vegetable  Physiological  Chemistry  of  this  Bureau,  has  had  a  large 
experience  along  this  line  in  the  actual  preservation  of  vegetables 
and  is  thoroughly  acquainted  with  the  methods  which  have  been 
developed  in  the  Bureau  of  Chemistrj^  for  securing  complete  ster- 
ilization.    As  a  Farmers'  Bulletin,   therefore,   the  report  has  both 
practical  and  scientific  merit,  and  I  reconmiend  that  it  be  published 
especially  for  the  information  of  the  farmers'  wives. 
Respectfully, 

H.  W.  Wiley, 
Chief  J  Bureau  of  Chemistry. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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CANNING  VEGETABLES  IN  THE  HOME^ 


UTTEODUCTIOlff. 

One  of  the  many  problems  that  confront  the  American  housewife 
is  the  supply  of  vegetables  for  her  table  during  the  winter  months. 
"What  can  I  have  for  dinner  to-day ?''  is  a  question  often  heard. 
Since  the  advent  of  the  modem  greenhouse  and  the  forcing  of  vege- 
table under  glass,  fresh  v^etables  can  usually  be  found  at  any  time 
in  the  markets  of  the  large  cities.  But  the  cost  of  forcing  vegetables 
or  growing  them  out  of  season  is  and  will  continue  to  be  very  great. 
This  makes  the  price  so  high  as  almost  to  prohibit  their  use  by  people 
of  moderate  means,  except  as  a  luxury.  A  healthful  diet,  however, 
must  include  vegetables,  and  therefore  the  housewife  turns  to  canned 
goods  as  the  only  alternative.  These  are  sometimes  poor  substitutes 
for  the  fresh  article,  especially  the  cheaper  commercial  grades,  which 
necessarily  lack  the  delicate  flavor  of  the  fresh  vegetable.  There  is 
practically  no  danger,  however,  from  contamination  with  tin  or  other 
metals  providing  the  containers  are  made  of  proper  materials  and 
handled  carefully.  In  some  cases  the  proper  care  is  not  taken  in  pack- 
ing vegetables  for  market.  The  decayed  and  refuse  portions  are  not  so 
carefully  removed  as  they  should  be  and  the  requisite  degree  of  clean- 
liness is  not  observed  in  their  packing.  Happily,  however,  such 
carelessness  is  not  general. 

Every  housewife  may  run  a  miniature  canning  factory  in  her  owli 
kitchen,  and  on  the  farm  this  is  especially  economical  and  desirable, 
the  economy  being  less  pronounced  in  the  case  of  city  dwellers,  who 
must  buy  their  fruits  and  vegetables.  Enough  vegetables  annually 
go  to  waste  from  the  average  farm  garden  to  supply  the  table  during 
the  entire  winter.  But  usually  the  farmer^s  wife  cans  her  tomatoes, 
preserves  her  fruits,  and  leaves  her  most  wholesome  and  nutritious 
v^e tables  to  decay  in  the  field,  imder  the  impression  that  it  is  impos- 
sible to  keep  them.  This  is  a  great  mistake.  It  is  just  as  easy  to 
keep  com  or  string  beans  as  it  is  to  keep  tomatoes,  if  you  know  how. 

THE  SCI£]irCE  OF  STEEIUZATIOir. 

The  art  of  canning  or  preserving  in  one  form  or  another  is  almost 
as  old  as  history  itself.  The  early  Chinese  possessed  this  secret  long 
before  the  era  of  modem  civilization,  but  "the  reasons  why''  which 
lay  back  of  the  art  have  only  recently  been  thoroughly  explained. 
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The  great  secret  of  canniiig  or  preserving  lies  in  complete  sterilizar 
tion.  The  air  we  breathe,  the  water  we  drink,  all  fruits  and  vege- 
tables, are  teeming  with  minute  forms  of  life  which  we  call  bacteria, 
or  molds,  or  germs.  These  germs  are  practically  the  sole  cause  of 
decomposition  or  rotting.  The  exclusion  of  air  from  canned  articles, 
which  was  formerly  supposed  to  be  so  important,  is  imnecessary  pro- 
vided the  air  is  sterile  or  free  from  germs.  The  exclusion  of  air  is 
necessary  only  because  in  excluding  it  we  exclude  the  germ.  In  other 
words,  air  which  has  been  sterilized  or  freed  from  germs  by  heat  or 
mechanical  means  can  be  passed  continuously  over  canned  articles 
without  affecting  them  in  the  least.  If  a  glass  bottle  is  filled  with 
some  vegetable  which  ordinarily  spoils  very  rapidly — for  instance, 
string  beans — and,  instead  of  a  cork,  it  is  stoppered  with  a  thick  plug 
of  raw  cotton  and  heated  until  all  germ  life  is  destroyed,  the  beans 
will  keep  indefinitely.  The  air  can  readily  pass  in  and  out  of  the 
bottle  throu^  the  plug  of  cotton,  while  the  germs  from  the  outside 
air  can  not  pass  through,  but  are  caught  and  held  in  its  meshes.  This 
shows  that  the  germs  and  their  s])ores  or  seeds  are  ihe  only  causes 
of  spoilage  that  we  have  to  deal  with  in  cannmg. 

Germs  which  cause  decay  may  be  divided  into  three  classes — ^yeasts, 
molds,  and  bacteria.  All  three  of  these  are  themselves  plants  of  a 
very  low  order,  and  all  attack  other  plants  of  a  higher  order  in  scnne- 
what  the  same  way.  Every  housewife  is  familiar  with  the  yeast  plant 
and  its  habits.  It  thrives  in  substances  containing  sugar,  which  it 
decomposes  or  breaks  up  into  carbonic  acid  and  alcohol.  This  fact 
is  made  use  of  hi  bread  making,  as  well  as  in  the  manufacture  of  dis- 
tilled spirits.  Yeasts  are  easily  killed,  so  they  can  be  left  out  of  con- 
sideration in  canning  vegetables.  Molds,  like  yeasts,  thrive  in  mix- 
tures containing  sugar,  as  well  as  in  acid  vegetables,  such  as  the 
tomato,  where  neither  yeasts  nor  bacteria  readily  grow.  Although 
more  resistant  to  heat  than  yeasts,  they  are  usufJly  killed  at  the 
temperature  of  boiling  water.  As  a  general  rule,  molds  are  likely  to 
attack  jellies  and  preserves  and  are  not  concerned  with  the  spoiling 
of  canned  vegetables.  The  spoiling  of  vegetables  is  due  primarily  to 
bacteria. 

Bacteria  are  also  much  more  resistant  to  heat  than  yeasts.  TTiey 
thrive  in  products  like  milk  and  in  meats  and  vegetables  rich  in  pro- 
tein, such  as  peas,  beans,  etc.  All  known  species  of  molds  require 
air  in  which  to  work.  This  is  not  true  of  bacteria,  certain  species 
of  which  will  live  and  cause  vegetables  to  decompose  even  when  no 
air  is  present.  When  these  particular  species  are  present  the  exclu- 
sion of  air  is  no  saf^uard  against  decay,  imless  the  vegetable  is 
first  thoroughly  sterihzed.  Bacteria  are  so  small  that  they  can  only 
be  seen  with  a  microscope,  and  they  reproduce  themselves  with 
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amaziiig  rapidity.  One  bacterium  under  favorable  conditions  will 
produce  about  twenty  millions  in  the  course  of  twenty-four  hours. 
Accordingly  cwtain  vegetables  spoil  more  rapidly  than  others,  because 
they  furnish  a  better  medium  for  bacterial  growth. 

The  reproduction  of  bacteria  is  brought  about  by  one  of  two  proc- 
esses. The  germ  either  divides  itself  into  two  parts,  making  two 
bacteria  where  one  existed  before,  or  else  reproduces  itself  by  means 
of  sp>ores.  These  spores  may  be  compared  with  seeds  of  an  ordinary 
plant,  and  they  present  the  chief  difficulty  in  canning  vegetables. 
While  the  parent  bacteria  may  be  readily  killed  at  the  temperature 
of  boiling  water,  the  seeds  retain  their  vitality  for  a  long  time  even 
at  that  temperature,  and  upon  cooling  will  germinate,  and  the  newly 
formed  Bacteria  will  begin  their  destructive  work.  Therefore  it  is 
necessary,  in  order  to  completely  steriUze  a  vegetable,  to  heat  it 
to  the  boiling  point  of  water  and  keep  it  at  that  temperature  for 
about  one  hour,  upon  two  or  three  successive  days,  or  else  keep  it 
at  the  temperature  of  boiling  water  for  a  long  period  of  time — about 
five  hours.  The  process  of  boiling  upon  successive  days  is  the  one 
that  is  always  employed  in  scientific  work  and  is  much  to  be  pre- 
ferred. The  boiling  on  the  first  day  kills  all  the  molds  and  practi- 
cally all  of  the  bacteria,  but  does  not  kill  the  spores  or  seeds. 

As  soon  as  the  jar  cools  these  seeds  germinate  and  a  fresh  crop  of 
bacteria  begin  work  upon  the  vegetables.  The  boiling  upon  the 
second  day  kills  this  crop  of  bacteria  before  they  have  had  time  to 
develop  spores.  The  boiling  upon  the  third  day  is  not  always  nec- 
essary, but  is  advisable  in  order  to  be  sure  that  the  steriUzation  is 
complete.  Among  scientists  this  is  called  fractional  sterilization, 
and  this  principle  constitutes  the  whole  secret  of  canning.  If  the 
housewife  will  only  bear  this  in  mind  she  will  be  able  with  a  little 
ingenuity  to  can  any  meat,  fruit,  or  vegetable. 

EXCIUSIOH  OF  THE  ADt. 

Even  after  sterilization  is  complete  the  work  is  not  yet  done.  The 
spores  of  bacteria  are  so  light  that  they  float  about  in  the  air  and  settle 
upon  almost  everything.  The  air  is  alive  with  them.  A  bubble  of  air 
no  larger  than  a  pea  may  contain  hundreds  of  them.  Therefore  it  is 
necessary  after  steriUzing  a  jar  of  vegetables  to  exclude  carefully  all 
outside  air.  If  one  bacterium  or  one  of  its  spores  should  get  in  and 
find  a  resting  place,  in  the  course  of  a  few  days  the  contents  of  the 
jar  would  spoil.  This  is  why  the  exclusion  of  air  is  an  important 
factor,  not  because  the  air  itself  does  any  damage  but  because  of 
the  ever-present  bacteria. 

All  of  this  may  seem  new  fashioned  and  imnecessary  to  some  house- 
keepers.    The  writer  has  often  heard  it  said:  '^My  grandmother 
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never  did  this,  and  she  was  the  most  succeasful  womaa  at  canning 
that  I  ever  knew."  Possibly  so,  but  it  must  be  remembered  that 
grandmother  made  her  preserres — delicious  they  were,  too — and 
canned  her  tomatoes,  but  did  not  attnnpt  to  keep  the  most  nutritious 
and  most  delicately  flavored  v^etables,  such  as  linu  beans,  string 
beana,  okra,  asparagus,  or  even  com. 

SO-CAIXED  "P£ES££VINe  POWDESS." 

There  are  a.  great  many  brands  of  so-called  "preserving  powders" 
on  the  market.  These  are  eold  not  only  under  advertised  trade  names 
but  by  druggists  and  peddlers  everywhere.  In  the  directions  for  use 
the  housewife  is  told  to  fill  the  jar  with  the  fruit  or  vegetable  to  be 
canned,  to  cover  with  water,  and  to  add  a  teaspoonful  of  the  powder. 
It  ia  true  that  these  powders  may  prevent  the  decay  of  the  fruit  or  veg- 
etable, but  they  also  encourage  uncleanly,  careless  work,  and  in  the 
bands  of  inexperienced  persons  may  be  dangerous.  While  with 
small  doses  the  influence  may  not  be  apparent  in  an  adult  in  normal 
health,  with  a  child  or  an  invalid  the  effect  may  be  of  a  serious 
natiire.  The  proper  way  to  sterilize  is  by  means  of  heat,  and  as 
this  can  be  done  very  easily  and  cheaply  the  usa  of  chemical  preserva- 
tives in  canning  is  not  to  be  recommended. 

KIHDS  OF  TABS. 

The  first  requisite  for  successful  canning  is  a  good  jar.  Glass  is 
the  most  satisfactory.  Tin  is  more  or  less  soluble  in  the  juices  <rf 
fruits  and  vegetables.  Even  the  most  improved  styles  of  tin  cans 
which  are  lacquered  on  the  inside  to  prevent 
the  juice  from  coming  in  contact  with  the  tin 
are  open  to  this  objection.  While  the  amount 
of  tin  dissolved  under  these  conditions  is  very 
small,  enough  does  come  through  the  lacquer 
and  into  the  contents  of  the  can  to  be  de- 
tected in  an  ordinar}'  analysis.  While  the 
small  amount  of  tin  may  not  be  injurious, 
it  gives  an  undesirable  color  to  many  canned 
articles.  Tin  cans  can  not  readily  be  used  a 
second  time,  while  glass  with  proper  care 
will  last  indefinitely. 
There  are  a  great  many  kinds    of  glass 
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jars  on  the  market,  many  of  them  possess- 
ing certain  distinct  points  of  advantage.  The  ordinary  screw-top  jar 
is  the  one  in  most  common  use  (fig.  1).  Although  cheap  in  price, 
these  jars  are   the  most   expensive  in   the  long  run.     The  topt 
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)ast  only  a  few  years  and,  being  cheaply  made,  the  breakage  is 
usually  greater  than  that  of  a  better  grade  of  jar.    The  tops  also 
furnish  an  excellent  liiding  place  for  germs,  which  makes  sterilize- 
tion  very  difficult.     An  improved  type  of  screw-top  jar  is  shou-n  in 
fig.  2.     These  are  fitted  with  a  glass  top  held  in  place  by  a  metal 
cover  which  screws  down  over  the  neck 
of  the  jar.     Ji  the  rannii^  or  steriliza- 
tion is  conducted  properly,  practically 
all  of  the  air  will  be  driven  out  of  the 
jar  by  the  steam.    Upon  cooling,  this 
is  condensed,  a  vacuum  is  formed  on 
the  inside  which  clamps  down  the  glass 
top  against  the  rubber  ring  and  seals 
the  jar  automatically.    The  metal  cover 
can  then  be  removed,  as  the  pressure  of 
the  outside  air  vnll  hold  the  glass  top 
securely  in  place. 

Another  type  of  jar  in  common  use  — — 

IS  shown   m  ng.  3.     Theee  require  no 

rubber  rings,  but  are  fitted  with  a  metal  top,  lacquered  on  both  siiles 
and  having  a  groove  around  the  lower  edge.  This  groove  contains 
a  composition  of  the  consistency  of  rubber  which  is  melted  during 
canning  by  the  heat  of  the  jar  and  forms 
a  seal  that  takes  the  place  of  the  nibber 
ring.  These  metal  tops  must  be  renewed 
each  year,  as  it  is  necessary  to  puncture 
them  in  order  to  open  the  jar. 

The  most  satisfactory  jar  that  the  writer 
has  had  any  experience  with  is  the  one 
sliown  in  figs.  4,  7,  8,  and  0.  This  has 
a  rubber  ring  and  glass  top  which  is  held 
in  place  by  a  simple  wire  spring.  There 
are  several  brands  of  these  jars  on  the 
market,  so  no  difficulty  should  be  expe- 
rienced in  obtaining  them.  A'egetabies 
Fio,  3.— i»r  with  metal  iKqiured  often  spoil  after  being  sterilized  because  of 
^'  defective  rubbers.    It  is  poor  economy  to 

buy  cheap  rubbera  or  to  use  them  a  second  time.    Aa  a  general  rule 
black  rubbers  are  more  durable  than  white  ones. 

Buy  a  good  grade  of  jar.  The  best  quality  usually  retails  at  from 
a  dollar  to  a  dollar  and  twenty-five  cents  a  dozen.  The  initiitl 
expense  may  be,  therefore,  somewhat  high,  but  with  proper  care 
they  should  last  many  years.  The  annual  breakage  should  be  less 
than  3  per  cent  on  the  average.     In  selecting  a  jar  always  give 
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preference  to  those  having  wide  moutha.  In  canning  whole  fruit 
or  vegetables  and  in  cleaning  the  jar?  the  wide  mouth  will  be  found 
to  be  decidedly  preferable. 

CONTAIVEBS  FOB  STEBILIZIFa. 

The  writer  uses  a  tin  clothes  boiler  with  a 
false  bottom  made  of  wire  netting  cut  to  fit 
it  (Hg.  5).  The  nettii^  is  made  of  medium- 
sized  galvanized  wire  (No.  16)  with  one-half 
inch  mesh.  A  false  bottom  is  absolutely 
necessary,  as  the  jars  will  break  if  set  flat 
upon  the  bottom  of  the  boiler.  Narrow- 
strips  of  wood,  straw,  or  almost  anything 
of  this  nature  may  be  used  for  the  pur- 
pose, but     the   wire  gauze    is  clean    and 

convenient, 

,-  pr  BR-  op  ar.  There    are    several    varieties    of    patent 

steamers  or  steam  cookers  in  common  use.  These  have  either  one 
or  two  doors  and  hold  a  dozen  or  more  quart  jars  (fig.  6).  Tliey  are 
ideal  for  canning,  but  they  are  somewhat  expensive  and  can  be  easily 
dispensed  with.  A  common  ham  boiler  or  clothes  boiler  with  a  tight- 
fitting  cover  will  answer  every  purpose. 

SELECTION  AND  FBEFASATIOK  OF  VEGETABI£S. 

The  first  step  in  successful  canning  is  the  selection  and  prepara- 
tion of  the  v^etables.  Never  attempt  to  can  any  vegetable  that 
has  matured  and  com- 
menced to  harden  or 
one  that  has  begun  to 
decay.  As  a  general 
rule,  young  vegetables 
are  superior  in  flavor 
and  texture  to  the  more 
mature  ones.  This  is 
especially  true  of  string 
beans,  okra,  and  aspar- 
agus. Vegetables  are 
better  if  gathered  in  the 
early  morning  while  the 

dew  is  still  on  them.  Fio.s.-s»riiix«.  lowing f^tattoni. 

If  it  is  impossible  to  can  them  immediately,  do  not  allow  them  to 
wither,  but  put  them  in  cold  water  or  in  a  cold,  damp  place  and  keep 
them  crisp  until  you  are  ready  for  them.  Do  your  canning  in  a 
well-swept  and  weU-dusted  room.  This  will  tend  to  reduce  the  num- 
ber of  spores  floating  about  and  lessen  the  chances  of  inoculation. 
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In  the  following  pages  are  given  directions  for  canning  some  of  the 
more  common  v^etables,  but  the  housewife  can  add  to  these  at  wi!!. 
The  principle  of  sterili- 
zation is  the  same  for 
all   meats,  fruits,    and 
vegetables. 


Contrary  to  the  gen- 
eral opinion,  com  is  one 

of  the  easiest  v^etables 

to  can.     The   United 

States   Department  of 

Agriculture  has  shown 

that    the    amount    of 

sugarinthe  sweet  v  arie- 

tiea    diminishes     very 

rapidly  after   the  ear 

is  pulled  from  the  stalk; 

therefore  in  order  to  re- 
tain the  original  8\veet- 

ness   and  flavor  it  is 

neeessary  to  can  com 

very  soon    after  it   is 

pulled— within  an  hour  ^^  8.-a««n  cook«. 

if  possible.    Select  the 

ears  with  full  grains  before  they  have  be^un  to  harden,  as  this  is 

the  period  of  greatest  sugar  content.  Husk  them  and  brush  the  silka 
off  ^vith  a  stiff  brush.  Sliear  off  the  grains 
with  a  sharp  knife  and  pack  the  jar  full. 
Add  salt  to  taste,  usually  about  a  teaspoon- 
ful  to  the  quart  is  sufficient,  and  fdl  up  the 
jar  to  the  top  with  cold  wafer.  Put  the 
rubber  ring  around  the  neck  of  the  jar  and 
place  the  glass  top  on  loosely,  as  showii  in 
fig.  7.  Be  careful  not  to  press  down  the 
spring  at  the  side  of  the  jar. 

Place  the  false  bottom  in  the  boiler  aiwl  put 

in  as  many  jars  as  the  boiler  wiU  conveniently 

hold.     Don't  try  to  crowd  them  in,     Leave- 

— space  between  them.     Pour  in  about  3  inches 

na,  7 -PnHHonof spring  dur-  ^f  Cold  Water,  or  lust  cnough  to  fonn  Htoam 
and  to  prevent    the   boiler  from   going   diy 

during  the  boiling.     It  is  not  necessan-  to  have  the  water  up  to  the 

neck  of  the  jars,  as  the  steam  will  do  the  cooking.     Put  the  cover  on 

[350] 


12  OANNIHG    VEQBTABLES   IN   THB    HOME. 

the  boiler  end  set  it  on  the  stove.     Bring  the  water  to  a  boil  and 
keep  it  boiling  for  one  hour.     At   the  end  of  that  time  remove 
the   cover  of   the   boiler  and   allow  the   steam   to  escape.     Press 
down  the  spring  at  the  side  of  the  jar,  as  shown  in  f^.  S.    This 
clamps  on  the  top  and  will  prevent  any  out- 
side air  from  entering.    The  jars  can  now  be 
removed  and  cooled  or  allowed    to  stand   in 
the  boiler  until  the  next  day. 

On  the  second  day  raise  the  spring  at  the 
side  of  the  jar,  as  shown  in  fig.  7.  This  will 
relieve  any  pressure  from  steam  that  might 
accumulate  inside  the  jar  during  the  second 
cooking.  Place  the  jars  again  in  the  boiler 
and  boil  for  one  hour.  Clamp  on  the  top  as  on 
the  preceding  day  and  allow  them  to  cool. 
Repeat  this  operation  on  the  tliird  day.  In 
removing  the  jars  from  the  boiler  be  careful 
ip,n  9    i>_i.i      .    -  not  to  expose   them  to   a  draft  of    cold  air 

FIQ.S.-Posltlon  of  spring  ,  .,        ,,      ^  ,      ,  ..  i_ 

after iieruiiiiic.  whjie    they  are  liot,  &s  a  sudden   change   in 

temperature  is  likely  to  crack  them. 

After  the  steriUzation  is  complete  the  jars  may  be  set  aside  for  a 
day  or  two  and  then  tested.  Tliis  is  done  by  releasing  tlie  spring  at 
the  side  and  picking  up  the  jar  by  the  top  (fig.  9) .  If  there  has  been 
the  least  bit  of  decomposition,  or  if  steriUza- 
tion has  not  been  complete,  the  top  will  come 
off.  Thw  is  because  the  pressure  on  the  top 
has  been  relieved  by  the  gas  formed  by  the 
bacteria.  In  this  case  it  is  always  best  to 
empty  out  tlie  corn  and  fill  up  the  jar  with  a 
fresh  supply.  If  canning  fruits  or  some  ex- 
pensive vegetable,  however,  examine  the  con- 
tents of  the  jiir  and,  if  the  decomposition  has 
not  gone  far  enough  to  injure  the  flavor,  place 
it  once  more  in  the  boiler  and  sterilize  over 
again.  If  the  top  does  not  come  off,  one  may 
be  reasonably  sure  that  the  corn  is  keeping. 
Corn  is  often  subject  to  the  attack  of  anaerobic 
bacteria.  The  spores  of  these  are  sometimes 
very  hard  to  kill  and  remain  alive  even  after 
boiling  for  one  hour.  In  case  any  jars  spoil,  in- 
crease the  time  of  boiling  to  an  hour  and  a  half.  Fio.e.— Mmmwiortiauiis. 
STBmO  BEANS. 

Select  young  and  tender  beans,  string  them,  and  break  them  into 
short  lengths.  Pack  firmly  in  the  jar,  cover  with  cold  water,  and 
a<Id  a  teaspoon  of  salt  to  each  quart.  Put  on  the  rubber  and  top 
and  boil  for  one  hour  on  each  of  three  successive  days,  as  directed 
under  "Com,"  A  small  pod  of  red  pepper  placed  in  the  bottom  of 
the  jar  will  give  a  delightful  flavor  to  thia  vegetable. 
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EGGPLANT. 

Pare  the  eggplant,  cut  in  thin  slices,  and  drop  in  boiling  water  for 
fifteen  or  twenty  minutes.  Drain  off  the  water  and  pack  the  slices 
in  the  jar.  Cover  with  water  and  sterilize  as  directed  under  "Com." 
The  slices  of  eggplant  are  pliable  and  may  be  taken  from  the  jar 
without  being  broken  and  either  fried  in  bread  crumbs  or  made  into 
pudding  and  baked. 

BBETS. 

Although  beets  will  keep  in  the  cellar  over  winter,  it  is  very  desirable 
to  can  them  while  they  are  yoimg  and  tender,  as  the  mature  beet  is 
apt  to  be  stringy  and  lacking  in  flavor.  Wash  the  young  beets,  cut 
off  the  tops,  and  put  them  in  boiling  water  for  about  an  hour  and  a 
half,  or  until  they  are  thoroughly  cooked.  Take  off  the  skins,  cut 
in  thin  slices,  and  pack  into  the  jars.  Cover  with  water  and  sterilize 
in  the  manner  previously  described.  If  a  mild  pickle  is  desired, 
make  a  mixture  of  equal  parts  of  water  and  good  vinegar,  sweeten 
to  taste,  and  cover  the  beets  with  this  mixture  instead  of  water. 

OKRA  OB  GUMBO. 

This  is  a  v^etable  worthy  of  more  extended  culture.  Although 
extensively  grown  in  the  South,  it  is  comparatively  unknown  in  the 
North.  It  is  easily  kept  and  makes  a  delicious  vegetable  for  thie 
winter.  Wash  the  young  and  tender  pods,  cut  them  in  short  lengths, 
pack  in  the  jars,  cover  with  water,  and  sterilize.  Okra  is  used  for 
soups  or  stews. 

SUMMBB  SaXTASH. 

Cut  the  vegetable  into  small  blocks,  pack  in  the  jars,  and  cover  with 
water.  Add  a  teaspoon  of  salt  to  each  quart  and  sterilize.  It  is 
sometimes  preferable  with  this  vegetable,  however,  to  pare  off  the 
skin,  boil  or  steam  imtil  thoroughly  done,  mash  them,  and  then  pack 
in  the  jars  and  sterilize.  If  canned  in  the  latter  way,  it  is  advisable 
to  steam  them  for  an  hour  and  a  half,  instead  of  for  an  hour,  on  each 
of  three  days,  as  the  heat  penetrates  the  jar  very  slowly.  It  is  abso- 
lutely necessary  that  the  interior  of  the  jar  should  reach  the  tem- 
perature of  boiling  water.  A  jar  will  usually  hold  about  twice  as 
much  of  the  cooked  vegetable  as  it  will  of  the  uncooked. 

ENGLISH  PEAS. 

When  prepared  and  canned  in  the  proper  way,  peas  are  easily 
kept  and  never  lose  the  delicate  flavor  that  they  possess  when  fresh. 
Shell  the  young  peas,  pack  in  jars,  and  sterilize  as  directed  imder 
"Com.'* 
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ASPABAGTXS. 

Can  the  young  tips  only,  in  the  same  way  as  you  would  com. 

CATTUFLOWEH. 

This  vegetable  usually  keeps  very  well,  but  if  the  supply  for  the 
winter  should  begin  to  spoil  it  may  be  necessary  to  can  it  during 
the  summer.  Prepare  it  as  you  would  for  the  table,  pack  it  into  jars, 
and  sterilize. 

CABBOTS  AND  PABSNIPS. 

These,  if  gathered  during  the  early  summer  and  canned,  make  most 
excellent  vegetables  for  the  winter.  The  young  plants  at  that  season 
are  not  stringy  and  have  not  yet  developed  the  strong  taste  that  is 
so  objectionable  to  some  people.  Prepare  as  you  would  for  the  table, 
and  sterilize. 

TOMATOES. 

Every  housewife  knows  how  to  can  tomatoes.  They  are  very 
easily  kept,  even  in  the  common  screw-top  jar.  If  one  already  has 
on  hand  a  number  of  jars  of  this  pattern,  it  is  best  to  use  them  for 
preserves  or  for  canning  tomatoes  and  to  purchase  the  more  modern 
styles  for  canning  other  vegetables.  In  using  the  screw-top  jars 
be  careful  to  sterilize  them  first  by  placing  in  cold  water,  bringing 
to  a  boil,  and  boiling  for  about  ten  minutes.  The  rubber  and  top 
should  also  be  immersed  in  boiling  water  for  the  same  length  of  time. 
Remove  them  from  the  boiling  water  when  needed,  handling  as  little 
as  possible.  Be  careful  not  to  put  the  fingers  on  the  inside  of  the  top 
or  the  inner  edge  of  the  rubber.  Fill  the  jar  with  the  cooked  toma- 
toes while  steaming  hot,  put  on  the  rubber,  screw  on  the  top  firmly, 
invert  it,  and  let  it  stand  in  that  position  imtil  cool. 


This  vegetable  resembles  the  turnip  in  its  habits  of  growth,  although 
in  flavor  it  more  nearly  approaches  the  cauliflower.  It  is  grown  in 
many  sections  of  the  North,  but  in  the  South  it  is  almost  unknown. 
Prepare  it  as  you  would  turnips,  pack  in  the  jar,  and  sterilize. 

LIMA  BEAKS. 

Lima  beans  lose  their  flavor  very  quickly  after  being  sheUed ;  there- 
fore it  is  necessary  to  can  them  as  soon  as  possible  after  gathering. 
Discard  all  pods  that  have  begun  to  harden,  and  proceed  as  you 
would  with  com. 

[359] 


GANNU^Q  VEGETABLES  IN  THE  HOME.  15 

PUMPKIN  OB  WINTBK  SQUASH. 

If  proTided  with  a  warm,  diy  cellar,  one  may  keep  certain  varieties 
of  these  vegetables  all  winter.  Some  of  the  best  varieties,  however, 
do  not  keep  well,  and  even  the  best  keepers  when  not  properly 
housed  begin  to  decay  in  December  or  January.  It  is  then  neces- 
sary to  can  them  in  order  to  save  them.  If  one  has  a  limited 
number  of  jars,  it  is  a  good  plan  to  fill  them  all  with  other  vegetables 
during  the  summer  and  upon  the  approach  of  frost  to  gather  the  pumj)- 
kins  and  bring  them  indoors.  By  the  time  the  pumpkins  begin  to 
spoil,  enough  jars  will  be  emptied  to  hold  them.  They  can  now  be 
steamed  and  canned  in  the  same  way  as  summer  squash.  In  this 
way  a  supply  of  jars  may  be  made  to  do  double  service. 

SUCCOTASH. 

The  writer  has  found  that  a  mixture  of  com  and  lima  beans,  or 
succotash,  is  one  of  the  most  difficult  things  to  keep.  This  furnishes 
one  of  the  very  best  mediums  for  bacterial  growth;  so  extreme  care 
must  be  taken  in  the  process  of  canning.  It  is  advisable  to  gather 
the  com  and  beans  early  in  the  morning  and  prepare  and  sterilize 
them  in  the  manner  already  described.  As  with  summer  squash, 
it  is  best  to  boil  for  an  hour  and  a  half,  instead  of  for  an  hour. 

VEGBTABLB  BOAST. 

A  rather  unusual  dish  for  the  winter  may  be  made  by  canning  a 
mixture  of  vegetables.  Prepare  com,  lima  beans,  tomatoes,  string 
beans,  okra,  squash,  and  eggplant  as  you  would  for  canning  sepa- 
rately. Mix  these  in  varying  proportions,  letting  the  com  and  lima 
beans  predominate.  Add  two  or  three  medium-sized  onions  to  each 
quart  of  this  mixture  and  run  all  through  a  food  chopper  in  order  to 
mix  it  thoroughly.  Pack  into  jars  and  sterilize.  In  preparing  for 
the  table  mix  with  an  equal  volume  of  bread  crumbs,  a  piece  of 
butter  the  size  of  a  walnut,  and  one  egg;  season  to  taste  with  pepper 
and  salt,  and  bake  in  a  round  baking  dish  imtil  brown.  Cut  into 
slices  as  you  would  a  cake  and  serve  hot  with  a  drawn  butter  sauce. 

Com,  okra,  and  tomatoes,  mixed  in  equal  proportions,  may  be 
canned  in  this  way  as  a  soup  stock. 

FRESHHESS  OF  FLAVOR  AND   COLOR. 

Vegetables  when  canned  properly  should  retain  their  attractive 
color  and  lose  very  Uttle  of  their  flavor.  It  will  be  found  almost 
impossible  to  detect  any  difference  either  in  ta^te  or  in  appearance 
between  the  canned  and  the  fresh  article  if  these  directions  are  care- 
fully followed.  The  volatile  oils  which  give  flavor  to  most  vegetables 
are  not  lost  diuing  this  process  of  sterilization.    Cooking  for  three 
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short  periods  in  a  closed  container  at  a  comparatively  low  temperature 
instead  of  cooking,  for  one  short  period  at  a  high  temperature  or  for  om 
long  period  in  an  open  vessel  makes  the  vital  difference  and  insures 
freshness  of  flavor  and  color.  After  the  jars  have  been  sterilized  and 
tested,  they  should  be  kept  in  the  dark,  as  the  sunlight  will  soon 
destroy  the  color  of  the  vegetable. 

HOW  TO  OPEH  A  JAB. 

Jars  of  vegetables  are  sometimes  hard  to  open,  unless  it  is  done  in 
just  the  right  way.  Rim  a  thin  knife  blade  \mder  the  rubber,  next 
to  the  jar,  and  press  against  it  firmly.  This  will  usually  let  in  enough 
air  to  release  the  pressure  on  the  top.  In  case  it  does  not,  place  the 
jar  in  a  deep  saucepan  of  cold  water,  bring  to  a  boil,  and  keep  it  boiling 
for  a  few  minutes.     The  jar  will  then  open  easily. 

CAITTIOHS. 

These  directions  for  canning  apply  only  to  pint  and  quart  jars. 
If  half-gallon  jars  are  used,  always  increase  the  time  of  boiling,  making 
it  an  hour  and  a  half  instead  of  one  hour. 

Do  not  go  into  canning  too  deeply  at  first.  Experiment  with  a  few 
jars  in  the  early  part  of  the  season  and  see  if  they  keep  well.  It  is 
not  a  difficult  matter  to  can  vegetables  properly.  The  writer  has 
never  lost  a  can  of  string  beans,  okra,  eggplant,  carrots,  parsnips,  lima 
beans,  beets,  asparagus,  or  pumpkin  in  several  years'  exf>erience,  and 
has  had  only  one  can  of  peas  spoil,  a  few  cans  of  com  during  the 
earlier  trials,  and  a  few  cans  of  succotash.  Any  housewife  can  do 
equally  well.  If  you  follow  the  directions  here  given  carefully,  you 
will  have  no  difficulty  whatever.  If  you  should  happen  to  fail  in  the 
first  trial,  rest  assured  that  you  have  done  something  wrong  or  left 
something  imdone.  No  housewife  who  has  on  hand  during  the  winter 
a  supply  of  home-canned  vegetables  ready  to  serve  on  ten  minutes' 
notice  will  ever  r^ret  the  trouble  or  difficulties  experienced  in 
learning. 
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DISTAirCE  BETWEEN  COBN  HILLS.<^ 

The  distance  at  which  com  is  planted  in  check  rows  has  been 
decreased  by  several  inches  since  the  first  machine  planters  were  put 
upon  the  market.  It  has  evidently  been  the  opinion  of  farmers,  and 
agricultural  implement  manufacturers  as  well,  that  the  distances 
formerly  used  allowed  more  space  than  necessary  to  each  hill,  and 
that  the  number  of  hills  per  acre  was  smaller  than  could  be  produced 
to  the  best  advantage.  Distance  experiments  with  com  by  the  ex- 
perhnent  stations  and  others  have  been  numerous  and  the  results 
have  varied.  This  would  seem  to  indicate  that  distance  between 
rows  is  influenced  by  different  factors,  such  as  soil,  season,  locality, 
variety,  and  that,  therefore,  no  certain  distance  can  be  universally 
the  best.  Further  light  has  been  thrown  on  this  subject  by  a  series 
of  tests  conducted  from  1903  to  1907  by  the  Illinois  Experiment 
Station  in  different  sections  and  on  different  soils  in  Illinois.  The 
purpose  of  this  work  was  to  determine  the  distance  at  which  check 
rows  of  com  returned  the  highest  and  most  profitable  yields,  and 
whether  planting  two  kernels  per  hill  at  closer  distances  is  better 
than  three  kernels  at  greater  distances. 

The  thickness  of  planting  was  varied  by  increasing  or  decreasing 
the  distance  between  rows  in  both  directions.  The  hills  were  checked 
on  different  plats  at  distances  ranging  from  33  to  44  inches,  the 
intermediate  distances  being  39.6  and  36  inches.  The  different  series 
were  repeated  many  times  each  year,  in  order  to  equalize  differences 
of  soil  and  season  and  to  make  the  averages  more  nearly  true.  Varia- 
tions in  stand  were  eliminated  so  that  all  parts  in  the  same  series  were 
comparable  with  each  other.  Attention  is  called  to  the  fact  that  with 
a  stand  of  100  per  cent,  hills  checked  44  inches  apart  with  two  kernels 
per  hill,  an  acre  produces  6,480  stalks;  checked  39.6  inches  apart, 
8,000  stalks;  36  inches  apart,  9,680  stalks;  and  33  inches  apart,  11,520 

<>A  progress  record  of  experimental  inquiries,  published  Without  assumption  of 
responsibility  by  the  department  for  the  correctness  of  the  facts  and  conclusions 
reported  by  the  stations. 
^Compiled  from  Illinois  Sta.  Bui.  126. 
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stalks.  If  three  kernels  instead  of  two  are  planted  per  hill,  the  num- 
ber of  stalks  per  acre  for  the  different  distances  is  9,720,  12,000, 
14,520,  and  17,280,  respectively. 

The  average  results  secured  in  northern  Illinois  showed  that  gen- 
erally on  the  two-kernel,  as  well  as  on  the  three-kernel,  plats,  the 
average  yields  increased  toward  the  thicker  plantings.  On  the  two- 
kernel  plats  the  average  yields  for  1904  to  1907,  inclusive,  increased 
from  44.1  bushels  per  acre  for  the  44  by  44  inches,  or  widest  planting, 
to  54.3  bushels  for  the  second  thickest,  or  33  by  36  inch  planting, 
while  where  three  kernels  were  planted  per  hill  the  widest  planting 
produced  on  an  average  54.1  bushels,  which  increased  as  the  distance 
was  narrowed  down  to  61  bushels  per  acre  for  the  closest,  or  33  by  33 
inch  planting.  In  central  Illinois,  just  as  in  the  experiments  carried 
<m  in  the  northern  part  of  the  State,  the  plats  planted  with  two  ker- 
nels per  hill  increased  in  average  yield  from  the  widest  planting  to 
the  second  thickest,  the  yields  being  47.7  bushels  and  55  bushels  per 
acre,  respectively.  The  plats  with  three  kernels  in  the  hill  ranged  in 
average  yield  per  acre  from  46.8  bushels  for  the  closest  planting  to 
52.3  bushels  for  the  39.6  by  39.6  inch  and  the  36  by  44  inch  distances. 
The  plats  planted  36  by  36  inches  with  two  kernels  per  hill  yielded 
2.2  bushels  per  acre  more  than  the  plats  planted  39.6  by  39.6  inches 
with  three  kernels  per  hill. 

The  yields  in  these  distance  experiments  were  regrouped  to  deter- 
mine whether  the  distance  of  planting  giving  the  highest  yield  on 
land  producing  more  than  50  bushels  will  also  give  the  highest  yield 
on  land  producing  less  than  50  bushels  per  acre.  The  data  from  the 
northern  fields  show  that  the  best  yields  were  taken  from  the  plats 
with  three  kernels  per  hill,  and  also  from  those  on  which  the  hills 
were  practically  36  inches  apart  each  way.  In  the  central  part  of  the 
State  the  highest  average  yield  from  land  producing  over  50  bushels 
per  acre  was  secured  by  planting  two  kernels  per  hill  at  a  distance  of 
33  by  36  inches.  Almost  the  same  yield  was  obtained  where  the  hills 
were  planted  39.6  inches  apart  each  way  with  three  kernels  per  hill. 
On  land  yielding  less  than  50  bushels  per  acre  practically  the  highest 
average  yield  was  secured  where  two  kernels  were  planted  per  hill  in 
rows  36  inches  apart  m  each  direction. 

In  summarizing  the  results  it  is  advised  that  on  all  ordinary  corn- 
belt  land  of  the  northern  part  of  Illinois  the  hills  be  planted  not  more 
than  36  inches  apart  and  with  at  least  three  kernels  per  hill,  and  that 
in  central  Illinois,  on  the  common  brown  silt  loam  prairie  lands,  suf- 
ficiently productive  to  produce  over  50  bushels  per  acre,  com  be 
checked  39.6  inches  apart  and  three  kernels  planted  per  hill,  while  on 
the  common  prairie  land  not  generally  producing  50  bushels  per  acre, 
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as,  for  instance,  average  corn-belt  land,  the  hills  should  be  36  inches 
apart  and  only  two  kernels  planted  per  hilL 

THE  BXntSTINa  OF  CABNATION&<' 

Carnation  growers  are  familiar  with  the  often  serious  tendency  of 
tiie  blooms  to  split  the  calyx,  or  hurst,  as  the  trouble  is  commonly 
called.  The  immediate  cause  of  bursting  appears  to  be  a  too  rapid 
or  premature  petal  development  before  the  bud  as  a  whole  has  made 
its  growth.  It  is  very  prevalent  in  some  varieties.  F.  Dorner,  sr.,* 
says :  "  There  are  numerous  varieties  which  habitually  split  the  calyx 
and  are  worthless.  There  are  also  some  which  under  certain  cir- 
cumstances split  what  appears  to  be  the  strongest  kind  of  a  calyx, 
while,  on  the  other  hand,  some  large  flowers  are  lield  intact  by  an 
apparently  weak  one."  It  goes  without  saying  that  worthless  varie- 
ties should  be  abandoned.  Growers  have  learned  from  experience, 
however,  that  unfavorable  cultural  conditions  may  cause  serious  cases 
of  bursting  among  varieties  which  are  profitable  bloomers  when 
properly  grown. 

Although  there  are  well-eStablished  methods  for  the  general  cul- 
ture of  greenhouse  carnations,  certain  varieties  differ  suflSciently  in 
their  requirements  to  call  for  specific  treatment  in  some  form  or 
other.  Such  specific  treatment  must  be  determined  from  cultural 
experience.  On  the  other  hand,  the  fragmentary  literature  on  the 
subject  of  bursting  would  seem  to  warrant  the  general  statement 
that  plants  which  have  been  hardened  off  or  grown  slowly,  whether 
through  a  low  temperature,  dry  soil  conditions,  or  a  lack  of  fertilizer, 
are  very  apt  to  produce  bursted  blooms  when  suddenly  overstimulated 
either  by  too  much  heat,  moisture,  or  plant  food,  or  through  some 
unfavorable  combination  of  these  conditions. 

The  Maryland  Station  reports  an  investigation  along  this  line,  in 
which  it  appears  that  a  location  unfavorable  for  uniform  tempera- 
ture and  moisture  conditions  wUl  aggravate  the  bursting  tendency. 
Such  a  location  is  found  in  the  rear  part  of  a  side  bench,  when  there 
is  no  space  between  the  bench  and  the  wall. 

It  was  noticed  tliat  the  row  of  carnations  located  near  the  glass  of  the  side 
benches  produced  more  bursted  flowers  than  did  the  other  rows  on  the  benches. 
During  the  winters  of  1904-5  and  1905-6,  a  record  was  kept  of  the  good  flowers 
and  the  bursted  flowers  on  the  different  rows.  ♦  ♦  ♦  The  row  nearest  the 
glass  produced  21  per  cent  of  bursted  flowers,  while  only  one  other  row  gave  as 
high  as  7  per  ceant. 

•  •  ♦  It  was  found  almost  impossible  to  secure  uniform  conditions  near 
the  glass,  the  soil  drying  out  badly,  although  receiving  a  normal  supply  of 
water.  Many  growers  find  less  trouble  with  this  bursting  of  the  calyx  when 
the  benches  are  so  placed  as  to  allow  a  walk  between  them  and  the  side  walls. 

^  Ck>mpiled  from  Maryland  Sta.  Bui.  127 ;  Rhode  Island  Sta.  Bui.  128. 
^Amer.  Breeders*  Assoc.  Proc.,  3  (1907),  pp.  67-71. 
860 


8  EXPERIMENT  STATION  WORK,  LI. 

The  walk  next  to  the  wall  provides  for  free  air  circulation  around 
the  bench,  thus  lessening  the  danger  of  excessive  sun  heat  and,  in 
some  cases,  of  excessive  bottom  heat  as  well.  Side  ventilators  can  be 
used  with  greater  safety  and  the  bench  will  be  given  closer  inspection. 

The  Rhode  Island  Station  recently  reported  an  experiment  in 
which  the  principal  object  was  to  determine  what  influence,  if  any, 
nitrogen  has  upon  the  tendency  of  the  calyx  to  split  open.  Three 
varieties  were  used  in  the  work  in  order  to  determine  whether  the 
same  results  would  be  secured  regardless  of  varietal  tendencies. 
The  varieties  were  Hector,  Wm.  Scott,  and  Lizzie  McGowan.  "A 
long,  narrow  bench  was  divided  into  two  equal  beds,  each  26  inches 
wide  by  8  feet  9  inches  long.  Like  amounts  of  subsoil  were  then 
placed  in  each.  .  *  *  *  The  manurial  treatment  was  identical, 
excepting  that  on  the  east  plat  no  nitrogen  was  applied,  while  on  the 
west  plat  nitrogen  in  a  nitrate,  an  ammonium  salt,  and  inorganic 
matter  was  applied."    The  experiment  was  carried  on  for  two  years. 

With  nitrogen  In  the  manures  a  great  advantage  resulted  with  the  variety 
Hector,  both  in  salable  blossoms  and  the  number  of  those  with  a  perfect 
calyx. 

With  the  variety  Lizzie  McGowan,  the  results  were  in  favor  of  the  use  of 
the  nitrogen,  especially  the  first  year  of  the  trial,  but  were  far  less  marked 
than  with  the  Hector. 

'In  the  case  of  the  variety  Wm.  Scott,  the  results  were  better  where  nitrogen 
was  omitted  than  where  it  was  employed. 

The  results  show  that  when  the  house  is  maintained  at  the  same  temperature, 
generous  manuring  with  nitrogen  may  increase  the  total  number  of  i)erfect 
blossoms  of  one  variety  of  carnations  and  lessen  the  number  of  anoth^ 
variety. 

Whether  the  same  differences,  as  a  result  of  the  manuring,  would  appear  if 
the  most  favorable  temperature  for  each  variety  were  maintained  in  the  house 
is  yet  to  be  determined. 

It  appears  probable  that  the  character  of  the  manures,  as  well  as  the  degree 
of  forcing,  tends  to  affect  the  splitting  of  the  caljrx. 

C.  W.  Ward,"  in  the  following  words,  points  out  how  the  carnation 
breeder  may  lessen  the  bursting  tendency :  "  In  selecting  a  seedling 
for  the  second  year's  trial,  be  sure  of  a  firm,  large,  well-formed  calyx, 
for  if  you  fail  to  select  good  firm  calyces  a  crop  of  '  bursters  '  may  be 
vour  reward." 

The  commercial  grower  likewise  can  reduce  tlie  trouble  by  studying 
the  habits  and  requirements  of  the  individual  variety,  and  by  so  regu- 
lating the  various  conditions  in  the  greenhouse  as  to  prevent  sudden 
fluctuations  in  the  rate  of  growth.  Although  it  is  doubtful  whether 
the  bursting  of  the  blooms  can  be  entirely  eliminated,  further  investi- 
gations along  this  line  may  lead  to  methods  of  control  which  will 
reduce  the  trouble  to  a  minimum. 


«  The  American  Carnation :  How  to  Grow  It,  C.  W.  TVard,  p.  204. 
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STKEXT  TREES;  CASE  A9D  PBESESTATION." 

The  increasing  number  of  State  and  municipal  laws  which  are  being 
enacted  for  the  care  and  preservation  of  street  trees  is  ample  evidence 
of  a  growing  public  interest  in  this  matter.  It  should  be  borne  in 
mind,  however,  that  the  shade-tree  laws  of  any  community  can  not  be 
thoroughly  effective  unless  the  public  is  familiarized  with  these  laws 
as  well  as  with  the  important  sources  of  injury  to  trees.  Adjacent 
property  owners  in  particular  should  be  equipped  with  this  knowl- 
edge, since  prompt  action  on  their  part  will  often  prevent  forms  of 
mistreatment  or  injury  which  may  temporarily  escape  the  notice  of 
the  tree  warden. 

The  sources  of  injury  to  street  trees  are  undoubtedly  more  numerous 
in  the  cities  and  large  towns  than  along  village  streets  and  country 
roads.    XeTertheless,  the  increasing  number  of  overhead  electric  wires 
in  the  latter  thoroughfares  is  resulting  in  much  serious  damage.   This 
source    of   injury    and    also   the    effect   of 
illuminating  gas  escaping  into  the  soil  has 
been  discussed  in  previous  bulletins  of  this 
series.* 

In  a  recent  bulletin  of  the  New  York  Cor- 
nell Station,  A.  D.  Taylor  discusses  many 
ways  in  which  trees  are  injured  through  ig- 
n<»vnce  and  neglect;  as,  for  example,  in  the 
course  of  construction  work,  by  piling  build- 
ing materials  against  them,  in  moving  build- 
ings, in  attaching  guy  wires,  and  in  grading 
streets. 

Tbe  pUIng  of  brick,  Inmber,  and  stone  slabs  close  against  tlie  trunk  may 
canse  injuries  which  allow  deca^  to  enter  at  tbat  point  Trlng  g»j  wires  for 
the  purpose  of  supporUng  derricks  or  telephone  poles  Is  a  commoa  practice, 
and  will  cause  no  injury  to  the  tree  if  properly  done.  It  is  done  so  often  with- 
out protecting  the  tree,  however,  that  serious  Injury  results.  The  correct 
method  of  attaching  a  wire  of  this  kind  to  a  tree  Is  to  place  a  number  of  small 
strips  of  board  against  the  trunk,  parallel  to  Its  axis,  and  then  bring  the 
pressure  of  the  wires  to  bear  directly  on  these  (see  flg.  1).  It  the  trunk  la 
forked  the  wire  may  be  carried  betwe^i  the  branches  near  the  crotch  and 
attached  to  a  crossplece,  which,  being  placed  transversely  to  the  axis  of  the 
two  branches,  brings  the  pressure  to  bear  on  each,  and  no  mechanical  injury 
Is  raused  to  the  tree.  When  the  pole  to  be  guyed  brings  little  pressure  to  bear 
on  the  wire,  a  lag  screw  may  be  placed  in  the  aide  of  the  tree  and  the  guy  wires 
fastmed  thereto.  In  any  ease  the  growth  of  tlie  tree  may  continue  without  the 
common  danger  of  Its  being  girdled.     •     •     * 

■Compiled  from  New  Tork  Cornell  Sta.  Bui.  256.    See  also  Massachusetta 
Sta.  But.  125. 
'  U,  8.  DepL  Agr.,  rarmers'  Buls.  210,  p.  20 ;  316,  p.  12. 
83022— Bull.  360-09 2 
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The  cuttlne  a\raj  of  branches  in  ord«  to  make  an  unobetnicted  road  for 
the  moving  of  a  building  nlong  a  talghwa;  la  frequmtlr  Been,  •  •  •  Ad- 
jacent property  owners  •  •  •  aHould  obtain  from  the  conrt  an  InJnnctloD, 
by  means  of  which  the  work  coold  be  delayed  until  a  Judgment  may  be  girea. 

The  regradlng,  wldealng,  and  genial  Improvenient  of  highways  cause  an- 
nually the  noaeceasary  loss  of  many  beautiful  park  and  avenue  trees.  Often, 
with  no  Intelilsent  person  to  direct  this  part  of  the  work,  large  nombera  of 
trees  are  removed  which  could  well  have  remained.  Because  a  street  has  been 
widoied,  and  a  valuable  tree  stands  where  It  may  Inconvoiience  traffic  a  UtUe 
In  the  new  arrangemoit,  la  not  sufficient  justification  for  Its  removal.  In  Budi 
Instances,  the  situation  should  be  carefully  investigated  and  the  erideoce  on 
both  sides  considered.  Tbe  sentiments  associated  with  old  landmarks  are 
often  too  strong  to  be  considered  as  trifling.  Tbe  tree  to  be  removed  may  be 
so  valuable  a  factor  in  the  {esthetic  life  of  the  community  that  the  inconvenience 
of  golog  around  it  will  never  be  great  enough  to  warrant  its  removal. 

lu  rcgradlng  lawn  areaa  It  sometimes  becomes  necessary  to  make  deep  cnta 

or  large  fills  atwut  the  bases  of  trees,  which  would  cause  thdr  deatb  wer«  they 

not  properly  protected.    In  general,  when  cuts  or  fills  average  betvreen  1  foot 

and  3  feet  In  depth,  the  tree  may  be  preserved  by  leaving  a  mound  for  cuts; 

or,  In  the  case  of  fills  by  building  a  well  around  the  trunk  to  keep  the  soil  from 

tbe  bark  (see  fig.  2).    Trees  Injured  as  a  result  of  removing  soli  from  the  baso 

die    because    tie    roots    drj 

out,     while     tbose     Injured 

from    fills    die    because    the 

soil  packed  around  tbe  trunk 

suffocates   that   part   of  the 

tree,    kills    the    email    fined 

roots,    and    rota    tbe    bark. 

A.    few    of   the    very    hardy 

species  of  trees  will  Barvlre 

such  conditiooa  of  fill,  while 

others  are  very  susceptlbie  to 

Fm.  3.— -Well"  orouBd  treea.  ^g  n,  gjfg^^ 

Trees  with  brittle  wood,  as  well  as  broad-lieaded,  vase-formed 
trees,  are  often  seriously  injured  by  wind  and  ice  st<»Tns.  "Protec- 
tion can  be  given  best  Mily  by  a  correct  selection  of  decidnoos  trees, 
and  by  keeping  from  conifers  the  heavy  loads  of  snow,  which  break 
the  branches  during  the  winter."  All  dead  wood  should  be  removed, 
both  for  the  sake  of  appearance  and  because  it  is  a  source  of  danger 
to  the  public. 

Trees  are  often  injured,  and  sometimes  killed,  from  the  effects  of 
freezing. 

The  greatest  danger  from  treetlng  lies  not  In  the  fact  that  numy  trees  In  ■ 
normal  cMulitton  of  growth  are  ktUed  back,  but  rather  that  Improper  pruning 
and  unprotected  wounds  cause  cavities  to  appear  on  the  trunk  and  larger 
branches;  these  fill  with  water  during  the  summer  mmths,  and  during  the 
winter  months  tbe  Ice  formed  in  them  splits  seams  up  and  down  these  parts 
of  a  free  (see  fig.  3).  These  seams  or  cracks,  small  at  first,  close  daring  the 
first  summer,  but  during  tbe  succeeding  winter  are  again  subjected  to  freezlof 
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proceasea.  wUdt  open  permaiMait  cracks  tliat  contlnne  to  IncrepEe  tn  rise  from 

jeor  to  sear,  ■nd  to  glxe 

tree   iiccess  to   the   maoy 

disintegrating  processes  of 

nature.    Tlie  only   protec- 

Uou  for  anch  a  tree  Is  to 

emiiloy    some   one   who    la 

fnlly      InfMined      on      the 

■lettiodB    of    tree    surgery 

to    seal    the    cavity,    and 

thiifl  prerait  further  decay 

or  freeiing. 

In  selecting  a  speclea 
for  planting  In  any  par- 
ticnlnr  region  it  is  best 
not  to  accept  the  ndvlce  of 
n  journeyman  nurseryman, 
but  rather  to  seek  Gome 
one  who  la  acquainted 
with  the  cilmatlc  condt- 
tlims  of  tbe  region  and 
vbo  knows  tlie  degree  of 
liardinees  that  a  apectea 
-  should  possess  to  be  grown 
successfully. 

Other  sources  of  in- 
jury discussed  Id  the 
bulletin  referred  to  are 
horse  bites,  grazing  by 
wagon  -wheels,  starr- 
ing  of  root  systems, 
anoke  and  gas  from 
factories,  overcrowd- 
ing by  improper  spac- 
ing, and  girdling  by 
T\-ire  labels.  Trees  can 
be  readily  protected 
from  horses  and  ve- 
hicles by  using  some 
sort  of  guard.  One 
made  of  wire  netting, 
as  illustrated  in  figure 
4,  is  both  neat  and 
effective.  There  are 
many  good  ready- 
made  guards  on  the 
mariket. 

Fill.  9.— Prsserratloa  by  moau  of  cement  Blllng. 
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Tbeee  guards  ebould  be  remoTed  aa  soon  as  the  trees  attain  tbe  size  wben 
binding  Is  Itkelr  to  take  place.  Sucb  binding  Is  likely  to  force  tbe  upper  part 
of  the  trunk  to  grow  out  over  the  top  of  tbe  guard  and  bo  lessen  the  strength  of 
the  tree,  If  not  completely  to  girdle  IL 

In  some  cities  ordinances  provide  penalties  for  the  hitching  of  horaea  to 
trees  on  the  highway,  and  such  ordinances  should  be  enforced.    •    •     •     Elach 
community  must  e:£pect  a  certain  amount  of  accidental  Injury  from  this  source; 
but  no  community  should  permit  the  castom  to 
prevail  of  making  a  hitcliing  post  of  a  tree  stand- 
ing in  front  of  a  residence^ 

Trees  that  show  Injury  from  the  almve  cauae^ 
and  eepeclally  those  that  Imve  areas  of  the  tmnk 
devoid  of  bark,  should  be  given  attention  without 
delay,  the  ragged  edges  of  the  bark  lielag  cat  to  a 
smooth  edge  and  tbe  entire  area  covered  with  paint 
or  tar  to  protect  the  wood  during  the  process  of 
healing. 

The  soil  along  the  streets  and  highway's 
is  frequently  of  a  sterile  nature.  This  is 
particularly  true  where  big  fills  or  deep  cuts 
have  been  made.  In  some  cases  the  soils  are 
too  wet  and  in  others  they  are  too  dry  for 
favorable  root  development 

The  trees  on  city  streets  sufTer  most  often  be- 
cause of  a  naturally  poor  soil  and  a  lack  of  snfO- 
ctent  water  supply.  City  streets  that  are  ma- 
cadamized, paved,  or  concreted  presEnt  a  snrCace 
layer  that  shuts  off  almost  completely  the  natoral 
means  by  which  water  moy  reach  the  roots,  and 
directs  all  of  the  surface  drainage  Into  catch- 
basins  and  Bewers.  Thus,  trees  on  such  streets 
are  subjected  to  the  extreme  of  adverse  conditions; 
and  their  natural  vitality  and  soil  adaptation 
must  be  such  that  they  can  withstand  the  abnor- 
mal  strain  on  their  vitality  or  they  are  certain  to 
meet  with  an  unnatural  and  premature  deatlL 
Only  a  very  small  percentage  of  the  trees  used 
for  city  work  are  of  the  species  best  adapted  to 
withstand  the  conditions. 

A  scarcity  of  water  from  the  surface,  together 
with  an  abundant  supply  from  the  subsoil,  fosters 
the  production  of  deep-seated  roots,  which  are  one 
Ill!!''I."f„?^^  f^!!***^'"  **'  ^^  '"°*'  valuable  assets  of  a  good  shade  tree. 
""  "  "  ■"  '■"'°  Qn  the  other  hand,  a  thoroughly  wnter-clogged  soil 
admits  no  air  circulation  and  increases  the  tendency  to  tbe  development  of 
surface  roots,  which  are  killed  during  periods  of  drought;  It  also  provides 
avenues  for  root  diseases,  and  finally  leads  to  the  death  of  the  tree.  Poor 
eolls  bring  about  the  condition  often  known  aa  "  stag-bead,"  the  symptoms  of 
which  are  a  stunted  and  sickly  appearance  of  the  tree,  the  presence  of  sl^idtf 
and  weak  branches,  and  a  sparsely  scattered  yellow  foliage.  The  remedy  tor 
Siuch  a  condition  depends  on  Its  stage  of  development  when  detected.  In  its 
360 
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early  stages  the  tree  niny  be  rejuvenated  by  dlgglDg  out  a  qnautlt;  of  the  poor 
soil  and  replacing  with  good  loam ;  if  the  BpeclDieo  shows  too  great  a  degree 
of  weuknces  It  had  better  be  fiubstitued  by  a  younger,  vigorous  epeclmeD. 

Along  city  streets,  where  conditions  are  so  often  unfavorable  to 
tree  growth,  the  lioles  for  newly  planted  trees  should  be  filled  with 
loamy  soil,  and  they  should  be  large  enough  to  provide  for  future 
root  development.  A  bed  4  feet  wide  by  8  feet  long  and  2  feet  deep  is 
none  too  large.  In  streets  which  are  often  congested  with  people  it 
may  not  he  feasible  to  leave  such  a  large  open  space  for  each  tree.  In 
such  eases  an  iron  grating,  as  shown  in  figure  5,  can  be  placed  over 
the  area  that  is  not  paved.  This  will  prevent  the  soil  from  becoming 
impenetrable  to  surface  water. 

In  large  manufacturing  centers  smoke  and  atmospheric  gases  are 
often  present  in  sufiScient  quantities  to  seriously  injure  or  even  kill  the 
surrounding  trees.    "  The  functions  of  the  leaves  are  retarded  in  two 
ways :  First,  the  breathing  pores,  or  stomata,  become  choked  with  the 
soot;  and,  second,  many  gases  in  themselves  may  be  poisonous,  even 
when  diluted  with  the  atmosphere."    Since  most  trees  are  subject  to 
the  effects  of  smoke   and 
gas,  it  is  highly  advisable 
that  "trees  should  be  se- 
lected on  the  basis  of  re- 
sults secured  with  similar 
species  in  other  cities  and 

towns  under  similar  con-  -  —  "- —  ~.        —         ~    - 

ditions."     Municipal   au-  p,^  5_^ 

thorities  may  be  able  to 
prevent  the  excessive  production  of  smoke  and  gases,  but  it  is  very 
probable  that  they  will  always  be  present  in  considerable  quantities 
wherever  factory  interests  are  large. 

Overcrowding  of  street  trees  can  be  prevented  if  the  trees  are  prop- 
erly spaced  when  planted.  Information  relative  to  the  space  required 
for  the  normal  development  of  our  shade-tree  species  is  not  difficult 
to  obtain.  In  situations  where  there  are  no  shade  trees,  there  is  a 
tendency  to  plant  close,  in  order  to  secure  shade  quickly.  There  is 
danger  in  the  close  planting  of  young  trees,  however,  due  to  "  the 
necessity  of  their  removal  at  a  subsequent  date,  when  only  a  person 
possessing  the  courage  of  his  convictions  will  take  out  the  trees  that 
should  be  sacrificed.  *  •  •  Every  town  and  city  possesses  trees 
that  are  suffering  from  this  evil  of  overcrowding.  Each  community 
should  designate  some  intelligent  person  to  direct  the  work  of  caring 
for  the  pruning  of  such  treeS,  who,  despite  false  sentiment,  will 
accomplish  the  work." 

Trees  that  have  been  seriously  girdled  through  failure  to  remove 
the  label  wires,  or  from  other  causes,  can  often  be  saved  by  bridge- 
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grafting  the  wounded  part.  "  This  is  done  by  trimming  smooth  the 
edges  of  the  girdled  part  and  inserting  scions  of  the  same  species 
ander  the  bark  in  such  a  way  that  the  wound  is  bridged  over  (see 
fig.  6).  These  scions,  being  placed  very  close  together  around  the 
stem,  become  united  at  the  ends  with  the  old  trunk  and  serre  to  con- 
duct the  elaborated  food  material  down  to  the  lower  parts  of  the  tree. 
During  the  period  of  uniting  the  scions  are  covered  with  grafting  was 
much  as  is  an  ordinary  graft,  and  no  shoots  developing  from  buds 
on  the  scions  are  permitted  to  grow.  In  time,  as  the  tree  develops, 
the  wounded  part  is  entirely  healed." 

Mr.  Taylor  calls  attention  to  two  forms  of  tree  butchery  or  impr(^)er 
pruning:  "  The  butchery  that  is  practiced  when  wires  are  first  strung, 
and  later  at  intervals  to  preTent  the  subsequent 
growths  from  coming  in  contact  with  the  wires," 
and  the  butchery  by  men  "  who,  through  igno- 
rance of  the  fundamental  principles  which  underlie 
the  operations  they  would  perform,  and  yet  with 
the  best  of  intentions,  have  ruined  whole  avenues 
of  valuable  trees  by  the  very  process  which  was 
intended  to  prolong  the  lives  of  these  trees  and  to 
add  to  their  beauty  and  usefulness."  Such  care- 
less or  ignorant  treatment  results  in  many  ugly 
wounds  and  projecting  stubs  of  dead  branches 
which,  if  neglected,  may  lead  to  the  development 
of  large  cavities.  Tree  owners  in  general  should 
employ  only  well-recommended  persons  to  prune 
their  trees  and  to  treat  existing  wounds.  The 
treatment  of  such  wounds  has,  in  recent  years, 
become  known  as  "tree  surgery;** 

Systematic  primliig  and  tree  surgery  are  very  cloeel; 
related.    Tree  surgery  Includes  tbe  tntdUg^it  protection 
Fio.  6.— Bridge  graft-     ^f  all  medianlcal  Injuriea  aod  cavities.    Pruning  reqnlrea 
™hoii"  o(*  gWUed     "  P'*'''<"i8  Intimate  knowledge  of  the  liablts  of  growUi 
trees.  of  trees;  surgery,  on  the  other  hand,  requires.  In  addi- 

tion, a  knowledge  of  the  beet  metliods  for  making  carltles 
alr-tlght  and  preveottng  decay.  The  filling  of  cavitlea  in  trees  has  not  been 
practiced  sufficiently  long  to  warrant  making  a  definite  stat«iii«it  as  to  tbe  per- 
maueut  buccgss  or  failure  of  tlie  operation;  the  work  la  still  In  an  experimental 
stage.  The  cnrlng  for  cavities  In  trees  must  be  urged  as  the  only  means  of 
preserving  affected  specimens,  and  tlie  preservation  of  many  noble  specimens 
has  heen  at  least  temporarily  assured  tlirongh  the  efForta  of  those  practlctng 
this  bind  of  work. 

The  subject  of  pruning  as  well  as  the  protection  of  wounds  and  the 
treatment  of  hollow  trunks  is  discussed  in  a  previous  Farmers'  Bul- 
letin •  and  will  not  be  further  considered  at  this  time.    The  reader 
"IT.  S.  DepL  Agr.,  Farmers'  Bul.  181. 
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is  also  referred  to  bulletins  dealing  with  insect  enemies  of  trees,®  tree 
planting  on  rural  grounds,*  and  beautifying  the  home  grounds.^ 

The  literature  on  the  subject  of  shade-tree  protection  will  be  of  the 
most  value  when  it  serves  as  a  means  for  preventing  rather  than 
curing  injuries.  By  far  the  greater  part  of  the  injuries  from  which 
trees  suffer  can  be  prevented.  When  once  inflicted,  however,  it  is 
often  very  difficult  or  even  impossible  to  remedy  them  adequately. 
In  many  cases  the  existing  laws  are  quite  sufficient  to  give  all  the 
protection,  desired.  The  people  should  know  the  laws,  and  have  in- 
terest enough  in  the  preservation  of  trees  to  insist  that  they  shall  be 
obeyed.  The  most  successful  plan  for  cities  and  large  towns  seems 
to  be  to  place  the  care  of  street  trees  directly  in  charge  of  a  commis- 
sion or  park  board  empowered  by  speciar  ordinances  to  carry  out 
its  plans.  This  gives  opportunity  for  a  systematic  development  of 
tree  culture  throughout  the  entire  community  and  makes  it  possible 
to  employ  experts  to  direct  the  work.  Similar  arrangements  can  also 
be  adopted  in  smaller  communities  with  such  changes  as  are  neces- 
sary to  suit  local  conditions. 

SPEAYIHO  POE  WEEDS.' 

The  eradication  of  weeds  by  other  than  cultural  methods  has  been 
a  subject  of  study  at  a  number  of  the  agricultural  experiment  sta- 
tions and  elsewhere.  This  has  resulted  in  the  discovery  that  various 
chemicals  through  their  corrosive  or  other  action  will  destroy  many 
kinds  of  weeds.  As  long  ago  as  1895  it  was  shown  by  the  Vermont 
Station  that  the  orange  hawkweed,  a  pest  in  lawns  and  pastures, 
could  be  controlled  by  sowing  salt  over  the  lawns  at  the  rate  of  about 
8,000  pounds  per  acre  without  injury  to  the  grass.  Lime,  salt, 
arsenite  of  soda,  gasoline,  kerosene,  crude  carbolic  acid,  and  copper 
sulphate  have  all  been  recommended  for  destroying  weeds  in  drives, 
walks,  tennis  courts,  and  other  places  where  it  is  desired  to  keep 
down  all  plant  growth.  Where  cultivated  plants  are  grown,  thorough 
tillage  can  be  relied  upon  to  keep  down  weeds,  but  the  serious  prob- 
lem of  eradicating  weeds  in  grain  fields,  pastures,  and  large  lawns 
is  the  one  to  which  present  consideration  is  given.  For  this  purpose, 
whatever  materials  are  used  they  must  not  be  seriously  injurious  to 

•U.  S.  Dept  Agr.,  Farmers*  Bui.  99;  296,  p.  19. 

•  U.  S.  Dept.  Agr.,  Farmers'  Bui.  134. 

«  U.  S.  Dept  Agr^  Farmers'  Bui.  185. 

'CompUed  from  Mimxesota  Sta.  Bui.  95;  North  Dakota  Sta.  Bui.  80;  Rpt 
1907,  p.  76;  Rhode  Island  Sta.  Rpt.  1906,  p.  159;  Vermont  Sta.  Rpt.  1895,  p. 
115 ;  Wisconsin  Sta.  Rpt  1906,  p.  259.    See  also  V.  S.  Dept  Agr.,  Farmers'  Bals. 
124,  p.  19,  and  296,  p.  10. 
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the  grain  crop  or  the  grass,  yet  they  must  be  sufficiently  destructive 
of  weeds  to  make  their  use  economically  practicable. 

In  parts  of  the  grain-producing  States  of  the  Northwest,  wild 
mustard,  or  charlock,  and  wild  radish  have  become  especially  trouble- 
some, the  wild  mustard  particularly  so.  This  weed  is  very  common 
in  wheat,  oat,  flax,  and  other  grain  fields  from  Wisconsin  to  the 
Dakotas  and  adjoining  States,  and  it  not  only  crowds  out  more 
valuable  plants,  but  it  may  become  positively  injurious  through  its 
abundance.  Like  many  others  of  our  most  troublesome  species,  the 
wild  mustard  is  of  European  origin,  and  for  many  years  spraying 
with  corrosive  chemicals  has  been  practiced  in  the  warfare  against 
the  pest  in  Europe.  Copper  sulphate  (blue  vitriol)  and  iron  sulphate 
(green  vitriol  or  copperas)  are  the  substances  most  used.  Both  are 
efficient  in  destroying  the  wild  mustard,  the  principal  difference 
being  in  their  relative  cost.  The  blue  vitriol  costs  more  per  pound, 
but  does  not  require  as  strong  a  solution  as  is  necessary  of  iron  sul- 
phate or  copperas.  There  is  now  on  the  market  a  granular  form  of 
iron  sulphate  that  can  be  secured  for  about  $10  or  $12  per  ton,  or 
even  less  when  bought  in  large  quantities.  This  is  applied  in  the 
form  of  a  solution,  about  100  pounds  of  copperas  being  dissolved  in 
50  gallons  of  water.  At  this  rate  it  makes  about  a  20  per  cent  solu- 
tion, and  50  gallons  is  sufficient  for  spraying  1  acre,  if  properly 
applied.  For  its  application  a  good  spraying  machine  is  required, 
and  if  a  considerable  area  is  to  be  treated  one  of  the  better  power 
sprayers  that  deliver  the  solution  with  considerable  force  should  be 
used.    For  small  areas,  hand  or  knapsack  sprayers  may  be  employed. 

The  directions  given  by  the  Wisconsin  Station  for  spraying  oat 
fields  with  a  solution  of  iron  sulphate  for  the  eradication  of  wild 
mustard  will  apply  to  the  treatment  of  almost  any  grain  or  grass 
field. 

The  spraying  should  be  done  on  a  calm,  bright  day,  after  the  dew  has  dis- 
appeared, as  the  work  is  more  effective  if  the  solution  is  pat  on  in  the  warm 
sunlight  Wh^i  rain  follows  the  spraying  within  a  few  hours  the  extermi- 
nation of  the  mustard  will  not  be  complete. 

The  grain  fields  should  be  sprayed  when  the  mustard  plants  are  in  the  third 
leaf,  or  before  the  plants  are  in  blossom,  in  order  to  have  the  spray  do  tlie 
most  effective  work.  The  day  following  the  spraying  the  tips  of  the  blades 
of  grain  may  be  somewhat  blackened,  but  no  detrimental  effects  can  be  noticed, 
either  to  the  crop  or  grasses  seeded  with  it,  two  weeks  after  spraying. 

Daisies,  cocklebur,  bindweed,  ragweed,  chicory,  sheep  sorrel,  yellow  dock, 
wild  lettuce,  and  many  other  weeds  were  partially  or  wholly  eradicated  from 
the  fields  where  tests  were  made  for  the  extermination  of  mustard. 

In  addition  to  the  charlock,  or  wild  mustard,  and  those  mentioned 
above,  other  weeds  are  destroyed  by  the  spray  without  injury  to  the 
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crops,  among  them,  according  to  the  reports  from  the  North  Dakota 
Station,  being  the  very  troublesome  Canada  thistle. 

The  explanation  of  the  action  of  the  chemicals  seems  to  be  about 
as  follows :  The  chemical,  which  is  corrosive,  attacks  the  young  and 
tender  tissues  of  the  rapidly  growing  weeds,  causing  their  destruc- 
tion, while  there  is  little  if  any  injury  to  the  grain  crop,  particularly 
if  it  is  a  winter  grain  or  one  that  was  sown  early  in  the  spring,  so 
that  the  crop  has  gained  considerable  growth  before  the  spraying. 

Investigations  at  the  North  Dakota  Station  with  chemical  means 
for  the  control  of  weed  pests  have  shown  that  in  addition  to  weeds 
in  fields,  such  persistent  weeds  as  dandelions  may  be  eradicated  in 
lawns,  parks,  and  meadows  by  thorough  spraying  with  the  iron  sul- 
phate solution  without  any  injury  to  the  lawn  or  pasture  grass.  In 
the  region  about  Fargo,  where  the  experiments  were  conducted,  spray- 
ing once  a  month  or  every  six  weeks  throughout  the  year  was  found 
to  keep  the  dandelion  in  check.  For  spraying  lawns  the  applica- 
tion should  be  made  a  few  days  after  the  grass  has  been  cut,  with  a 
solution  of  about  2  pounds  of  iron  sulphate  to  a  gallon  of  water. 
The  spray  should  be  forcibly  applied,  not  merely  sprinkled  over  the 
weeds,  on  a  bright  simshiny  day,  and  the  lawn  should  not  be  mown 
for  two  or  three  days  after  the  spraying.  Heavy  rains  soon  after 
the  spraying  will  destroy  the  weed-killing  power  of  the  solution. 
Wherever  chemicals  are  used  for  weed  eradication  on  lawns  it  will 
be  found  advisable  to  scatter  grass  seed  over  the  lawn  each  spring 
and  fall. 

In  many  regions  alfalfa  and  clover  fields  are  infested  with  dodder, 
a  parasitic  plant  that  may  be  recognized  by  its  yellow,  thread-like 
steins  which  entwine  the  plants.  Hiltner**  says  that  dodder  may 
be  destroyed  by  spraying  infested  areas  with  an  18  to  20  per  cent 
solution  of  iron  sulphate.  The  immediate  effect  of  the  chemical  is  to 
blacken  the  clover  or  alfalfa,  but  after  a  short  time  the  crop  recovers 
and  is  as  vigorous  as  ever,  while  the  dodder  has  been  completely 
destroyed.  In  South  Africa,*  spraying  alfalfa  with  sodium  arsenite 
at  the  rate  of  one-half  pound  to  5  gallons  of  water  when  well  applied 
was  found  to  destroy  dodder  with  little  injury  to  the  alfalfa. 

MARKET  CLASSES  AND  OBADES  OF  SHEEP.' 

A  recent  bulletin  of  the  Illinois  Station,  by  W.  C.  Coffey,  defines 
and  illustrates  the  various  classes  and  grades  of  sheep  recognized  on 
the  Chicago  and  other  large  markets.    The  information  is  intended 

«Prakt  Bl.  Pflanzenbau  u.  Schutz,  n.  ser.,  6  (1908),  No.  4,  p.  40. 
»Agr.  Jour.  Cape  Good  Hope,  32  (1908),  No.  2,  p.  152. 

^  Compiled  from  Illinois  Sta.  Bnl.  129.  For  classification  of  other  farm  ani- 
mals see  U.  S.  Dept  Agr.,  Farmers'  Bols.  222,  p.  24 ;  334,  p.  22. 
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to  aid  thoso  engaged  in  growing  and  handling  sheep  to  understand 
and  apply  the  market  reports. 

The  grower  or  feeder  offering  eheep  for  sale  often  forms  a  very  Imperfect 
estimate  of  their  market  value,  and  chiefly  because  his  contact  with  the  open 
market  has  not  l>een  sufficient  to  familiarize  him  with  the  Victors  emt>odled 
by  the  various  terms  in  market  reports.  ♦  ♦  ♦  Because  his  judgment  as  to 
the  true  market  worth  of  his  sheep  Is  uncertain,  the  owner  may  suffer  a  finan- 
cial loss  in  dealing  with  a  local  buyer  by  selling  under  the  market  value  or  by 
missing  a  sale  by  asking  too  much  for  them.  If,  at  the  time  of  sale,  the  owner 
could  definitely  determine  the  value  of  his  sheep,  he  would  experience  less 
difficulty  in  coming  to  an  early  understanding  with  the  local  buyer,  or  in  case 
he  shipped  them  direct  to  the  open  market,  the  chances  for  disappointment  and 
dissatisfaction  would  be  greatly  reduced.  While  it  is  the  privilege  of  a  few  to 
visit  the  markets  often  and  there  learn  the  requirements  and  the  demands  for 
the  different  grades  in  the  various  classes,  the  great  majority  of  she^  owners, 
and  many  feeders,  must  depend  largely  upon  the  market  reports  for  Boch  In- 
formation, and  the  value  of  these  reports  to  the  man  who  proposes  to  buy  or 
sell  sheep  is  determined  by  the  extent  to  which  he  can  apply  them  to  his  par- 
ticular purchase  or  sale. 

3CUTT0N  SHEEP. 

Under  this  head  are  classed  "  all  sheep  and  lambs  sent  to  market 
for  slaughter,  no  matter  what  the  condition,  age,  or  weight,"  includ- 
ing both  native  and  western  sheep. 

Native  sheep  are  those  produced,  ordinarily  in  small  flocks,  on  the  farms  of 
the  Central,  Southern,  and  Eastern  States.  Western  sheep  are  those  produced, 
usually  in  large  bands,  on  the  ranges  of  the  Western  States.  As  a  rule,  western 
sheep  have  enough  Merino  blood  to  make  them  markedly  different  in  appear- 
ance from  natives  which  are  mostly  from  mutton-bred  parents.  But  even  were 
they  identical  in  breeding,  buyers  and  salesmen  on  the  market  could  easily 
distinguish  between  them  because  of  differences  resulting  from  the  way  in 
which  they  are  fed  and  managed.  On  markets  where  both  native  and  western 
sheep  are  received,  the  daily  reports  nearly  always  distinguish  between  them, 
but  in  this  bulletin  no  attempt  is  made  to  classify  them  separately  where  tliey 
are  both  put  to  the  same  use.  Hence  both  native  and  western  sheep  are  placed 
in  the  mutton  and  in  the  breeding  classes,  but  only  western  sheep  are  placed 
in  the  feeder  class.  While  thin  natives  are  often  bought  up  in  the  country  and 
successfully  fed,  those  that  reach  the  market  in  low  condition  do  not  sell  as 
feeders  because  they  are  usually  infested  with  internal  parasites,  tlms  making 
it  difficult  and  in  many  instances  impossible  to  fatten  them. 

It  is  stated  that  a  common  practice  is  "  to  prefix  the  word  *  fed ' 
before  a  certain  class  and  grade  to  distinguish  grain  from  grass- 
fattened  sheep.  The  term  is  used  for  a  short  time  in  the  autumn  and 
in  the  spring  when  both  grain  and  grass  fattened  sheep  are  coming 
to  market." 

Iambs. — Of  the  various  subclasses  of  mutton  sheep  '^  the  one  known 
as  '  lambs  '  is  by  far  the  most  important,  due  to  the  fact  that  the  pro- 
ducer can  most  profitably  market  his  sheep  as  lambs  and  also  that 
Iamb  is  preferred  to  mutton  by  the  consumer.    ♦    ♦    ♦ 
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It  is  estimated  by  traders  upon  the  Chicago  market  that  at  least  80  per  cent 
of  the  sheep  received  at  tliat  place  are  lambs.    ♦    ♦    ♦ 

At  from  12  to  14  months  of  age  lambs  pass  into  the  yearling  and  ewe 
classes.  But  it  is  the  degree  of  maturity  the  young  animal  has  attained  rather 
than  a  set,  deflnite  age  which  determines  whether  or  not  it  belongs  to  the  lamb 
class.  Native  lambs  usually  reach  maturity  at  an  earlier  age  than  western 
lambs,  because  they  receive  a  greater  abundance  of  feed,  and  they  are  generally 
free  from  Merino  blood.    ♦    •    ♦ 

The  most  important  factors  in  determining  the  grade  to  which  lambs  belong 
are  form,  quality,  condition,  and  weight,  and  the  grades  recognized  on  the 
market  are :  Prime,  choice,  good,  medium,  common,  or  culls. 

It  is  understood  that  when  lambs  are  graded  as  prime  they  are  the  very  best 
of  the  class  that  may  be  generally  expected  on  the  market    ♦    ♦    ♦ 

Before  a  lamb  is  graded  as  prime  it  is  determined  by  sight  and  touch  that  it 
possesses  the  form,  quality,  condition,  and  weight  demanded  by  the  dealer  in 
high-class  mutton.  The  butcher  demands  the  form  that  shows  the  most  develop- 
m«it  in  the  loin,  back,  and  leg  of  mutton.  He  demands  development  in  these 
regions  because  they  are  the  parts  from  which  the  high-priced  cuts  are  secured. 
The  animal  should  show  a  great  deal  of  depth  and  breadth  and  no  tendency  to 
be  paunchy,  because  paunchlness  adds  to  the  percoitage  of  waste  in  slaughter- 
ing. The  prime  lamb  should  present  a  general  fullness  and  smoothness  of  out- 
line, both  of  which  indicate  thickness  and  evenness  of  flesh.  There  should  be  an 
absence  of  roughness  because  the  waste  in  the  dressing  of  the  rough,  ungainly 
lamb  is  large  in  proportion  to  the  carcass,  and,  furthermore,  the  appearance  of 
the  carcass  of  such  a  lamb  t&Us  in  attractiveness  wh^i  placed  on  exhibition  in 
the  market.  It  is  generally  conceded  that  form  is  enhanced  if  the  lK)dy  is 
supported  by  short  legs.  However,  many  prime  lambs  have  only  moderately 
short  legs.  Very  long  legs  detract  from  the  dressed  yield  and  from  the  appear- 
ance of  the  carcass  when  displayed,  and  on  this  account  lambs  that  are  decid- 
edly upstanding  do  not  grade  as  prime.    ♦    ♦    ♦ 

General  quality  is  indicated  by  a  medium  sized,  clean-cut  head,  cars  of  fine 
texture,  and  fine  but  strong  IxHie,  a  light  pelt,  and  full,  well-rounded  outlines. 
All  these  suggest  a  freedom  from  that  coarseness  which  adds  to  the  waste  In 
dressing,  and  the  unattractiveness  which  works  against  the  value  of  the  carcass. 
Of  the  items  of  general  quality  enumerated,  lightness  of  pelt  is  the  most  esscn- 
tiaL  By  pelt  is  meant  the  skin  and  wool  combined.  To  secure  a  pelt  of  light 
weight,  the  skin  should  be  comparatively  thin  and  free  from  folds  or  wrinkles, 
and  the  wool  should  not  be  very  dense  or  oily.    •    ♦    ♦ 

"  The  weight  of  a  pelt  may  be  appreciably  influenced  by  the  condi- 
tion of  the  wool  with  reference  to  foreign  material  and  moisture  in 
it,"  the  presence  of  large  amounts  of  these  greatly  reducing  the  price 
that  will  be  offered. 

Occasionally  the  general  quality  of  lambs  may  be  developed  to  such  a  marked 
degree  that  they  will  sell  as  prime,  even  though  they  be  somewhat  deficient 
in  form.  A  notable  example  is  the  fat  Mexican  lamb.  From  the  standpoint 
of  form  the  Mexicans  are  not  especially  attractive,  since  they  are  upstanding 
and  liave  narrow  bodies  and  long  necks,  but  they  are  unequaled  in  the  fineness 
of  their  features  and  their  lightness  of  pelt  Without  their  high  development 
of  general  quality  they  would  not  receive  favorable  consideration  from  buyers, 
but  because  of  it,  when  fat,  they  top  the  market. 

The  terms  "quality"  and  "condition"  are  frequently  used  interchangeably 
<m  the  market,  and  chiefly  because  the  quality  of  flesh  is  largely  dependent  upon 
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condition.  By  condition  is  meant  the  degree  of  fatness  of  a  lamb,  l^e  reasons 
wliy  a  lamb  should  be  fat  are:  (a)  Other  things  being  equal,  there  will  not  be 
as  high  a  percentage  of  offal  as  in  the  half  fat  or  the  thin  lamb;  (&)  the  fat 
adds  to  the  attractiveness  of  the  carcass,  and  thus  makes  it  more  invitizis  to 
the  purchaser;  (c)  the  comparatively  fat  carcass  loses  less  in  weight  In  the 
process  of  "cooling  out"  in  the  refrigerator  and  also  in  cooking;  (d)  some  fat 
on  the  outside  of  the  lean  meat  and  a  considerable  amount  deposited  throng 
it  adds  to  its  palatability  by  making  it  more  juicy  and  of  better  flavor. 

Desirable  quality  of  flesh  is  indicated  by  firmness  along  the  back,  at  the  loins, 
over  the  sides,  and  at  the  leg  of  mutton.  ♦  ♦  ♦  While  the  flesh  should  liaye 
that  firmness  which  would  impress  an  inexperienced  man  as  being  hard,  it 
should  have  Just  enough  springiness  to  yield  slightly  to  the  touch.  •  ♦  • 
The  development  of  fat  essential  to  the  prime  lamb  is  indicated  by  a  thick  do<±, 
a  full,  mellow  purse,  thickness  and  smoothness  on  the  back  and  over  the  ribs, 
fullness  at  the  neck  and  fianks,  and  a  plump,  well-filled  breast 

It  is  impossible  to  tell  with  exactness,  by  merely  looking  at  it,  the  condition 
of  a  lamb  in  the  wool,  and  hence  it  is  necessary  to  judge  condition  by  placing 
the  hands  on  the  animal.  Experts  rely  upon  placing  the  hand  but  once,  for 
example,  by  spreading  the  hand  so  that  the  back  and  ribs  will  be  touched  by 
one  stroke,  or  by  grasping  the  loin,  or  by  getting  the  thickness  and  fullness  of 
the  dock,  but  none  risk  their  judgment  upon  sight  alone.  A  great  deal  is  de- 
termined by  the  stroke  that  touches  the  back  and  ribs  because  it  not  only  reveals 
the  condition  as  evidenced  by  the  degree  of  smoothness  present,  but  also  the 
amount  and  quality  of  the  fiesh  by  the  thickness  and  firnmess  of  it  Tliis  stroke 
also  aids  in  determining  the  kind  of  pelt  a  lamb  may  have  with  respect  to 
thickness  of  skin,  density  of  wool,  and  foreign  material  in  it. 

Weight  is  a  factor  that  varies  somewhat  with  the  differ^it  seasons  in  the 
year,  but  in  general  the  lamb  of  prime  quality  and  condition  and  weighing  80 
pounds  sells  at  the  highest  price.  When  spring  lambs  first  appear  on  the  mar- 
ket, they  weigh  little  more  than  60  pounds,  but  if  they  have  the  quality  and 
finish,  they  easily  command  top  prices. 

The  requirements  of  form,  quality,  and  condition  in  case  of  prime 
lambs  apply  also  in  case  of  prime  yearlings,  prime  wethers,  and  prime 
ewes. 

To  grade  as  choice,  lambs  can  not  fall  below  the  requirements  for  prime  lambs 
to  any  marked  degree.  They  must  have  the  form,  quality,  and  condition  tliat 
make  them  desirable  as  mutton  of  a  high  class.  They  usually  fail  to  sell  as 
prime  lambs  because  they  are  not  quite  up  to  the  standard  in  quality,  condi- 
tion, or  weight  While  lambs  frequently  fail  to  grade  higher  than  choice 
because  of  their  quality  or  their  weight,  a  lack  in  condition  is  most  often  the 
retarding  factor.  This  is  the  grade  that  includes  by  far  the  greater  number  of 
the  better  offerings  upon  the  Chicago  market    ♦    ♦    ♦ 

Upon  the  market,  buyers  and  salesmen  often  prefer  to  speak  of  a  band  of 
lambs  as  being  "  good  to  choice  "  rather  than  using  either  of  the  terms  sepa- 
rately to  describe  them.  This,  doubtless,  is  partly  due  to  the  unevenness  in 
•bands  of  lambs,  which  suggests  two  grades  rather  than  one.  If  there  is  a  pro- 
nounced unevenness  in  an  offering,  that  alone  is  sufllcient  to  prevent  them  grad- 
ing better  than  good.  But  the  individual  lamb  must  be  noticeably  deficient  in 
form,  quality,  condition,  or  weight  or  slightly  deficient  in  each,  thus  making  a 
lower  grade  through  a  combination  of  deficiencies. 
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Lambs  of  the  medium  grade  lack  to  a  large  extent  the  condition 
and  quality  necessary  in  the  prime  lamb. 

It  is  in  this  grade  more  than  any  discussed  above  tliat  faulty  form  is  apparent 
Long,  loosely  coupled  bodies,  with  little  spring  of  rib,  and  rough  outlines  are 
frequently  seen.  Because  they  are  coarse,  underflnished,  and  often  paunchy, 
they  do  not  dress  a  high  percentage,  and  what  they  do  produce  is  without  suffl' 
cient  fat  to  meet  favor  with  dealers  who  handle  high-class  mutton.  Only  the 
coarser,  heavier  pelted  western  lambs  are  found  in  this  grade,  as  the  smoother, 
tidier  range  lambs  in  underflnished  condition  are  sold  to  go  to  the  country  as 
feeders.  Many  native  lambs,  however,  come  in  this  grade,  because  those  appear- 
ing on  the  market  in  low  condition  or  those  on  the  coarse  "  bucky  '*  order  a/e  not 
sought  as  feeders. 

Lambs  are  in  the  common  or  cull  grade  chiefly  because  they  are 
very  far  below  that  condition  of  flesh  that  would  make  them  de- 
sirable  for  mutton. 

Ckwrse,  iU-shaped  lambs  commonly  belong  to  this  grades  but  not  unless  they 
are  noticeably  lacking  in  quality  of  flesh  and  amount  of  fat  Offerings  in 
this  grade  are  very  light  in  weight,  the  range,  with  the  one  exception  (coarse^ 
" bucky  "  natives),  being  from  30  to  50  pounds. 

As  practically  all  native  lambs  appearing  in  the  market  go  to 
slaughter  while  thinner  western  lambs  are  sent  to  the  country  as 
feeders,  natives  form  the  bulk  of  the  common  or  cull  lambs. 

Under  present  methods  of  sheep  husbandry,  it  is  impossible  to  send  all  native 
lambs  to  market  in  desirable  condition,  because  growers  of  natives  have  not 
yet  learned  how  to  keep  them  free  from  infestation  by  internal  parasites,  and 
when  they  are  infested  to  any  great  extent  they  do  not  take  on  fat 

In  both  the  common  and  medium  grades  are  frequently  seen  what  are  known 
as  coarse,  "  bucky  "  native  lambs.  These  are  the  result  of  careless  shepherd- 
ing on  the  part  of  growers.  If  lambs  are  left  entire  they  rapidly  become  coarse 
when  their  sex  instinct  develops,  and  because  of  this  coarseness  and  the  loss 
of  fat  resulting  from  a  great  amount  of  fretful  activity,  they  are  undesirable 
as  mutton.  ♦  ♦  ♦  Growers  of  natives  would  save  much  to  themselves 
annually  if  they  would  make  it  a  practice  to  castrate  their  ram  lambs  a  few 
days  after  they  are  bom.  These  coarse,  "  bucky  **  lambs  are  heavier  than  the 
bulk  of  common  lambs,  as  they  sometimes  weigh  as  much  as  100  pounds. 

The  term  "cull"  is  common  parlance  in  sheep  market  circles,  but  it  has  a 
double  meaning.  One  applies  to  the  lowest  grade  under  a  given  class,  and  it  is 
in  this  sense  that  the  writer  uses  the  term ;  the  other,  to  the  number  a  buyer  may 
have  the  privilege  to  reject  when  purchasing  a  band  of  lambs  or  sheep  at  a 
given  price.  Therefore,  In  deflning  the  lowest  grade  of  lambs,  the  term  "  com- 
mon •*  is  less  confusing  than  the  term  "  cull." 

Yearlings. — Yearlings  of  a  certain  grade  are  used  as  substitutes 
for  lambs  in  the  meat  trade. 

The  ability  of  the  animal  to  substitute  in  this  way  depends  upon  its  weight, 
quality,  condition,  and  immaturity.  An  index  greatly  depended  upon  for  iden- 
tifying the  carcass  of  a  young  sheep,  or  lamb,  is  what  is  known  as  the  "  break 
joint,"  which  is  found  immediately  above  the  pastern  point  The  leg  easily 
severs  at  the  **  break  Joint,"  leaving  a  reddish,  porous,  indented  surface,  over 
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wMch  there  Is  a  sllgbt,  viscidllke  secretion  easily  noticeable  to  the  toach. 
The  presence  of  this  joint  in  the  live  animal  is  best  determined  by  teeiing  Jtist 
above  the  pastern  Joint  for  a  bonylike  prominence,  which  is  a  true  indication 
of  it.  It  disappears  when  the  sheep  becomes  matnre,  and  a  sheep  that  does 
not  have  it  can  not  class  as  a  yearling.  The  yearling  class  Is  composed  exclu- 
sively of  wethers,  becanse  the  **  break  joint "  disappears  in  ewes  at  about  the 
time  they  pass  out  of  the  lamb  class.  Lambs  bom  the  year  previous  to  tiie 
time  they  appear  on  the  market  pass  out  of  the  lamb  class  atK)ut  July  1,  and 
from  that  time  the  wethers  are  called  **  yearlings**  until  they  are  too  far 
toward  maturity  to  "  break,"  as  the  salesmen  and  buyers  familiarly  refer  to  the 
"break  joint" 

Yearlings  are  commonly  designated  upon  the  market  as  •*  lights  **  and 
"heavies."  Those  terms,  as  they  would  indicate,  refer  to  weights.  Tlras  we 
frequently  hear  the  phrases  "prime  lights"  and  "prime  heavies,"  by  wbich 
Is  meant  the  quality  and  condition  of  animals  coming  within  certain  limits  of 
weight  rather  than  their  desirability  as  mutton.  And,  hence,  it  is  felt  that 
"lights"  and  "heavies"  are  not  strictly  logical  terms  upon  which  to  base 
gradations  in  this  class. 

Since  yearlings  are  uaed  to  take  the  plaoe  of  lambs,  the  nearer  they  ap- 
proach the  quality,  condition,  and  weight  of  prime  lambs  the  more  aatisfiic- 
torlly  win  they  accomplish  the  purpose  for  which  they  are,  intended.  Any 
great  departure  in  any  of  the  above  characteristics  as  applied  to  prime  lambs 
will  seriously  affect  the  desirability  of  yearlings,  and  If  they  are  low  In  condi- 
tion they  are  practically  out  of  consideration  as  such. 

The  grades  of  yearlings  are  prime,  choice,  and  good. 

Yearlings,  to  grade  as  prime,  must  be  highly  developed  in  form,  quality,  and 
condition,  and  of  a  light,  handy  weight,  which  ranges  from  70  to  90  pounds. 
The  form  of  the  prime  yearling  embodies  symmetry,  compactness,  roundness, 
and  smoothness,  with  no  suggestion  of  uneven  lines  or  prominent  parts.  Un- 
less such  a  form  is  secured,  the  carcass  will  appear  too  great  in  size  to  look 
like  a  lamb.  In  general  quality  the  requirements  are  fine,  clean-cut  features 
and  a  pelt  of  light  weight  As  with  prime  lambs,  so  with  yearlings,  a  liigh 
dressed  percentage  is  demanded,  and  this  is  not  x)ossible  with  the  animal  hav- 
ing very  coarse  features  and  a  heavy  pelt. 

The  most  important  considerations  in  placing  a  yearling  in  the  prime  grade 
are  quality  of  flesh  and  the  amount  of  fat  it  carries.  Slight  concessions  may 
be  made  to  a  lack- in  general  quality  and  form,  but  none  to  a  lack  in  fat. 
Unless  fat  the  yearling  is  unsatisfactory,  hence  buyers  discriminate  sharply 
against  those  not  showing  a  high  finish. 

Since  it  is  difllcult  to  secure  the  most  desirable  form,  quality,  condition,  and 
weight  combined  in  one  animal,  choice  yearlings  outnumber  those  of  the  prime 
grade.  Any  noticeable  departure  from  what  Is  considered  prime  in  any  of 
the  above  characteristics  is  sullicient  to  place  a  yearling  in  the  choice  grade. 
During  the  winter  season,  when  the  offerings  of  sheep  are  almost  wholly  grain 
fattened,  the  greater  number  of  yearling  are  in  prime  conditioo;  but  at  all 
times  there  are  offerings  that  are  not  of  the  most  deferable  form,  quality,  and 
weight  ♦  ♦  ♦  Those  of  more  than  90  pounds  weight,  although  they  may 
be  in  prime  condition,  rarely  grade  better  than  choice.  •  •  •  There  can 
not  be  a  great  difference  between  the  condition  of  prime  and  choice  yearlings, 
and,  in  fact,  the  total  difference  between  them  is  not  great 

Undesirable  quality,  weight,  or  condition,  or  a  combination  of  deficiencies  In 
any  two  or  all  three  of  the  above,  will,  if  readily  apparent,  place  a  yearling  In 
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tbe  good  grade  With  a  few  scattered  exceptions  this  is  the  lowest  grade  of 
yearlings  offered  as  mntton.  Yearlings  of  110  pocmds  and  upward  rarely  grade 
better  than  good,  even  though  they  be  prime  In  every  other  respect  111  form, 
general  coarseness,  and  nndne  weight  of  pelt  are  all  serious  objections,  and 
tiioee  haying  such  d^ects  are  nearly  always  placed  in  this  grade.  A  rather 
frequent  combination,  placing  yearlings  In  the  good  grade,  is  underflnlshed 
condition  and  undesirable  quality.  If  yearlings  are  assigned  to  this  grade  solely 
because  of  a  want  of  fat,  they  are  almost  on  the  border  line  between  the  mutton 
and  the  feeder  class,  and  are  not  much  wanted  by  ^ther  packers  or  feeder 
buyera 

Wethers. — ^Mature  castrated  males  compose  this  subclass. 

Since  comparatively  few  native  wethers  appear  upon  the  market  this  class  is 
looked  upon  as  chiefly  a  western  product.    ♦    ♦    ♦ 

The  same  conformation,  quality,  and  condition  are  demanded  In  prime  wethers 
that  have  already  been  noted  as  characteristic  of  prime  yearlings.  The  most 
desirable  weights  range  from  95  to  110  pounds,  and  are  popularly  known  as 
"light  handy  weights.**  However,  wethers  weighing  140  pounds  and  upward 
frequently  grade  as  prime  if  their  heavy  weight  Is  accompanied  by  desirable 
conformation,  quality,  and  condition. 

The  choice  wether  is  usually  slightly  short  of  prime  in  form,  quality,  and 
condition.  Quality  in  this  instance  applies  more  particularly  to  lis^tness  of 
pelt  and  to  freedom  from  paun<^iness  than  to  coarseness  of  features.  Wethers 
of  this  grade  must  also  come  under  the  light,  handy,  or  the  heavy  weights. 
Choice  wethers  are  used  in  the  same  way  as  prime  wethers,  and  both  are  sought 
by  dealers  in  high-class  mutton. 

Good  wethers  are  charact^lsed  by  coarseness  and  lack  of  prime  condition. 
They  do  not  command  the  highest  prices  because  they  do  not  dress  a  high  per- 
centage of  marketable  meat  nor  yield  a  quality  of  mutton  satisfactory  to  a 
taigh-«las8  trade.  If  wethers  are  pronounced  in  their  weight  of  pelt,  but  covered 
with  thick  fat,  they  will  come  In  this  grade  unless  of  undesirable  weight.  Fre- 
quently wethers  of  choice  condition  and  quality,  and  weighing  120  to  1^  pounds, 
are  placed  in  the  good  grade  because  their  weight  is  not  adapted  to  the  purpose 
for  which  they  are  desired.  They  are  too  heavy  for  light,  handy  purposes,  and 
too  light  for  heavy  carcass  purposes. 

The  common  grade  is  made  up  of  wethers  of  inferior  quality  and  in 
perceptibly  underfinished  conditioru 

Ewes. — In  this  subclass  are  included  yearling  ewes,  surplus  breeding 
ewes,  and  those  no  longer  useful  for  breeding  purposes. 

As  these  different  sources  indicate,  there  are  wide  differences  in  the  age,  con- 
dition and  weight  of  the  various  offerings  of  ewes  appearing  on  the  market. 

Ewes  do  not  sell  on  a  par  with  wethers,  because  they  have  proportionately  a 
greater  percentage  of  offal  and  a  smaller  amount  of  lean  meat.  Except  in  times 
of  urgent  demand  for  mutton,  prime  wethers  sell  for  at  least  50  cents  per  hun- 
dredweight more  than  prime  ewes.  However,  when  the  demand  fbr  mature 
mutton  is  strong  the  difCerence  is  often  no  more  than  25  cents.    *    •    • 

Smooth,  highly  finished  native  and  Vestem  yearling  ewes,  and  a  very  small 
number  of  well-bred,  aged  native  ewes,  of  prime  quality  and  in  prime  condition, 
comprise  the  offerings  in  [the  prime  1  grade.  Since  the  bulk  of  yearling  ewes  are 
sold  for  breeding  purposes,  the  total  offerings  of  prime  ewes  are  small.  Prime 
yeariing  ewee  may  be  not  entirely  above  criticism  in  quaUty  and  condition,  but 
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because  they  are  light  in  weight  they  meet  with  ready  sale.  The  strongest 
demand  is  for  weights  not  greater  than  100  pounds.  However,  large,  smooth, 
aged  ewes  in  prime  condition  sell  as  prime  ewes.    ♦    ♦     ♦ 

Ewes  of  [the  choice]  grade  must  show  development  to  a  high  degree  in  form, 
quality,  and  condition,  as  they  are  placed  to  the  same  use  as  prime  ewes.  They 
may  he  slightly  faulty  in  quality,  condition,  or  weight,  but  they  are  osually 
criticised  for  their  lack  either  of  quality  or  condition.  Grain-fattaied  western 
ewes  frequently  sell  as  choice. 

Good  ewes  are  appreciably  open  to  criticism  in  condition  and  often  in  quality. 
In  most  seasons  of  the  year  ewes  choice  in  condition  and  quality,  but  of  the 
unliandy  weights  ranging  from  115  to  130  pounds,  are  also  placed  in  tliis  grade. 

Underfinished  condition  and  advanced  age  are  usually  evident  in 
the  medium  grade.  "  Often"  ewes  £ind  their  lambs  are  sent  to  market 
together.  Ewes  in  such  shipments  are  frequently  too  low  in  conditicm 
to  be  above  the  medium  grade." 

Offerings  of  the  common  or  cull  grade  are  pronounced  in  their  lack 
of  condition. 

Toothless  old  ewes,  too  decrepit  to  make  use  of  feed,  and  thus  regain  desirable 
condition,  are  slaughtered  for  the  cheapest  class  of  trade.  As  the  winter  season 
advances  a  number  of  ewes  appear  on  the  market  well  advanced  in  pregnancy. 
Such  ewes,  although  they  may  be  of  choice  quality  and  condition,  sell  as  com- 
mon ewes  because  of  their  Iiigh  percentage  of  waste  and  the  ill  effects  preg- 
nancy is  said  to  have  upon  the  color  of  the  carcass. 

BXrCKS  AND  STAGS. 

On  the  market  rams  are  designated  as  "  bucks."  Stags  are  males  castrated 
later  than  the  lamb  stage  of  life,  and  they  sell  on  a  par  with  bwdcs.  Strictly 
speaking,  bucks  are  not  graded,  although  the  terms  '^choice,"  ^good,**  and 
"  common  *'  are  frequently  used. 

PEEDEB  SHESF. 

Whenever  sheep  are  too  low  in  condition  to  suit  the  needs  of  the  packer,  they 
fall  into  the  feeder  class,  unless  they  be  extremely  coarse  in  quality  or  weakened 
in  vitality  because  of  disease  or  advanced  age. 

The  heavy  run  of  feeder  sheep  occurs  in  the  months  of  September,  October, 
and  November,  when  rangemen  are  reducing  their  flocks  and  preparing  for  the 
winter  months.  However,  buyers  are  constantly  looking  for  thrifty,  under- 
finished  stuff  and  a  limited  number  of  feeder  sheep  go  out  from  the  markets 
every  week  in  the  year.  ♦  ♦  ♦  Practically  all  the  sheep  sold  as  feeders 
are  grown  on  the  western  ranges.  ♦  ♦  ♦  The  following  are  the  recognized 
subclasses  of  feeder  sheep:  Lambs,  yearlings,  wethers,  ewea 

Lambs. — Feeder  lambs  are  those  thin  in  flesh  left  after  sorting  out 
those  in  a  band  in  suitable  condition  for  the  mutton  trade.  The 
grades  recognized  on  the  market  are  fancy  selected,  choice,  good, 
medium,  common,  or  inferior. 

Fancy  selected  feeders  must  not  only  possess  the  characteristics  of  choice 
feeders,  as  noted  [below],  but  in  addition  they  must  be  oniform  in  breeding 
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and  markings  and  show  an  unusual  amount  of  mutton  blood  for  range  lambs. 
Their  quality,  as  evidenced  by  clear-cut  features,  dean  limbs,  light  and  smooth 
pelts,  must  be  practically  above  criticism.  They  are  nearly  always  sli^tly 
higher  in  condition  and  heavier  than  the  average  ran  of  feeder  lambs,  ranging 
in  wetc^t  from  66  to  70  pounds,  and  in  that  state  of  thrift  where  gains  can 
be  placed  on  them  rapidly.  If  properly  handled,  they  are  the  grade  of  feeders 
that  will  finish  quickly  into  prime  lambs.  Not  many  of  this  grade  of  feeders 
are  to  be  found  on  the  markets.    ♦    ♦    ♦ 

Choice  feeders  will  develop  into  choice  and  prime  mutton  lambs  if  properly 
managed.  Of  the  grades  that  come  to  the  notice  of  buyers  g^ierally,  they  are 
probably  more  uniform  than  any  other,  and  in  order  to  get  a  fixed  standard  from 
which  to  make  comparisons,  this  grade  is  deBcril>ed  in  detail. 

What  the  buyer  expects  of  choice  feeders  is  the  ability  to  finish  into  prime  or 
choice  mutton  lambs,  and  to  produce  gains  at  economical  figures.  The  selection 
of  such  lambs  is  based  upon  form,  quality,  constitution,  condition,  and  weight 

In  general,  the  form  should  be  deep,  broad,  well  knit,  of  medium  length  and 
low  set.  This  conformation  indicates  early  maturity,  good  constitutioot  capacity 
for  growth,  and  a  likelihood  of  finishing  into  an  attractive  carcass  with  a  rela- 
tively high  percentage  of  valuable  cuts.    ♦    ♦    ♦ 

Quality  is  a  very  important  consideration  in  the  selection  of  feeder  lambs,  and 
it  is  that  characteristic  which  is  manifested  by  a  medium-sized,  fine,  clean-cut 
head;  medium-sized  and  moderately  thin  ears;  the  hair  on  the  face  and  legs 
fine  and  sillcy ;  bOne  that  is  fine  and  without  coarseness  at  the  Joints ;  skin  thin 
and  without  folds  or  wrinkles.  A  smooth  skin  without  folds  or  wrinkles  and 
carrying  wool  of  moderate  weight  is  the  most  important  requirement  of  desira- 
ble quality  in  feeder  lambs.    ♦    ♦    ♦ 

The  conformation  which  indicates  a  strong  constitution  was  described  above 
under  **  Form."  A  wide,  deep  chest,  fullness  in  the  heart  girth,  depth  and  breadth 
of  body  indicate  sufllcient  space  for  well-developed  vital  organs,  or  strong  con- 
stitution. Another  important  i)oint,  which  if  not  a  part  of  constitution  is  closely 
akin  to  it,  is  thrift  The  intelligent  buyer  of  choice  feeders  rejects  all  lambs  that 
appear  in  the  least  unthrifty,  such  as  lame  ones  and  those  inclined  to  lag  behind 
when  the  band  is  moving. 

Choice  lambs  should  be  fairly  full  in  their  outlines  and  without 
any  suggestion  of  emaciation.  Choice  feeder  lambs  range  in  weight 
from  55  to  62  pounds. 

Good  feeder  lambs  are  usually  more  leggy  and  coarse  than  those 
that  are  considered  choice.  Lambs  weighing  between  50  and  55 
pounds  and  choice  in  form,  but  somewhat,  although  not  excessively, 
heavy  in  pelt,  are  placed  in  the  good  grade. 

Lambs  of  the  medium  feeder  grade  often  have  very  heavy  pelts, 
and  hence  lack  appreciably  in  quality. 

Pronounced  legginess  and  angularity  of  form  are  frequently  noticeable  in 
bands  of  lambs  grading  as  medium,  but  the  chief  discrimination  is  against  their 
quality  because  of  their  thick,  wrinkled  skins  and  dense,  heavy  fleeces.  While 
in  most  cases  they  are  thrifty,  they  are  usually  below  the  weight  most  desirable 
in  feeder  lambs,  and  this,  together  with  their  lack  of  quality  and  desirable 
form,  places  them  considerably  below  the  choice  feeder. 
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The  Iambs  most  common  to  the  grade  of  common  or  inferior  feed- 
ers are  little,  light,  late-bom,  weak  lambs. 

They  are  Imown  under  aereral  ai^>^lati(Hi8,  tmch  as  ''boms,"  '^cnllSy*' 
^pewees,"  and  '*  peanuts."  Their  weight  may  vary  anywhere  from  25  to  46 
pounds,  and  becaase  of  their  tender  age,  light  weight,  and  weakened  condition 
they  require  skillfol  care  and  a  long  period  of  feeding  upon  nutrltloins  fceda 
that  will  produce  a  large  amount  of  growth  as  well  as  f^t 

The  demand  for  this  grade  is  limited. 

Yearlings. — ^This  class  is  made  up  exclusively  from  yearling  weth- 
ers. They  do  not  figure  prominently  in  the  feeder  trade  They  are 
graded  as  choice,  good,  common. 

Wethers. — Of  the  wethers  sold  from  the  range  for  feeding  pur- 
poses the  greater  number  is  shipped  direct  to  we^m  feed  lots, 
hence  the  supply  on  the  Chicago  market  is  extremely  meager.  The 
grades  are  choice,  good,  medium,  common. 

To  be  considered  choice  feeders,  wethers  must  be  of  good  conformation, 
highly  developed  in  quality,  and  uniform  in  weight  and  condition.  •  •  • 
The  choice  feeder  wether  should  be  of  a  light,  handy  weight,  which  ranges 
from  80  to  90  pounds. 

Good  feeder  wethers  should  be  uniform  in  weight  and  condition, 
and  not  open  to  serious  criticism  in  conformation  and  quality. 
Wethers  of  this  grade  are  usually  inferior  to  those  of  the  choice 
grade  in  quality  or  condition. 

Wethers  of  the  medimn  feeder  grade  are  usually  criticised  for  their 
lack  of  quality  and  conditi(m.  Medium  feeder  wethers  are  likely 
to  be  large  of  frame,  and  although  not  heavy  at  the  time  of  purchase 
because  of  their  thin  condition,  they  are  heavy  wethers  when  mar- 
keted as  mutton. 

Extremely  coarse  wethers  with  heavy  pelts,  stags,  the  result  of 
castratmg  mature  rams,  and  very  old  wethers  are  included  in  the 
common  feeder  grade. 

Ewes. — ^^  When  there  is  a  slow  demand  for  breeding  ewes  ♦  ♦  ♦ 
the  yearling  ewe  lops  off  into  the  feeder  class.  Of  the  mature  ewes 
sold  as  feeders,  the  larger  number  are  those  that  have  spent  their 
usefulness  as  breeders  oa  the  range.  They  vary  ccHisiderably  in  c<m- 
dition,  quality,  and  general  thrift,  and  all  feeder  ewes  may  be  graded 
as  follows:  Choice,  good,  medium,  common." 

Most  of  the  yearling  ewes  offered  as  feeders  are  placed  in  the 
choice  grade. 

They  are  of  choice  quality  and  in  that  degree  of  condition  at  which  gains 
are  put  on  rapidly  and  early  give  a  degree  of  desirable  finish.  They  weigh 
from  70  to  80  pounds  and  when  finished  yield  a  neat,  handy  weight  carcass. 
Smooth,  aged  ewes  of  good  form  and  in  medium  fiesh  are  also  placed  in  this 
grade. 
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To  grade  as  good,  feeder  ewes  must  be  smooth  and  healthy,  and 
their  teeth  must  be  sound. 

Ewes  of  the  mediiun  feeder  grade  may  be  lacking  either  in  quality 
or  thrift.  If  unthrifty,  they  are  usually  l»*oken  mouthed  and  in 
low  conditicm. 

Ck>mmon  ewes  are  very  old  and  so  depleted  in  condition  that  tbey  approach 
emaciation.  As  a  rule  their  front  teeth  are  gone  or  worn  so  low  that  they  are 
of  Uttle  use.  Only  the  best  of  care  and  feed  wlU  secure  gains  on  ewes  of  this 
grade. 

BBEEDINa  SHESP. 

Native  and  western  ewes  are  included  in  this  class  in  about  equal 
proportions,  but  breeding  bucks  are  exclusively  natives. 

Swet. — The  ewes  most  sought  after  are  2,  3,  and  4  year  old  dark-faced 
natives  in  ordinary  field  condition.  ♦  ♦  ♦  Many  of  the  ewes  offered  for 
breeding  purposes  are  yearlings,  but  they  are  not  as  desirable  as  2  or  B 
year  old  ewes,  because  they  are  immature  and  likely  to  be  unsatisfactory 
as  motii^rs  at  their  first  lambing.  The  native  yearling  Is  heavier  and  more 
nearly  mature  than  the  western  yearling,  and  she  meets  with  a  correspondingly 
better  sale.  The  offerings  on  the  market  come  under  the  following  grades: 
Fancy  selected,  choice,  good,  common. 

Only  a  very  few  of  the  breeding  ewes  sold  out  of  the  market  can  be  regarded 
as  fancy  selected.  ♦  •  ♦  Such  ewes  are  high  grades  of  some  of  the  Down 
breeds,  usually  Shropshire,  and  in  addition  to  being  thrifty  and  sound,  th^ 
are  uniform  in  quality,  conformation,  fleece,  and  style. 

The  greater  number  of  the  more  desirable  breeding  ewes  are  of  the 
choice  grade.  Choice  ewes  should  be  2,  3,  or  4  years  old,  sound  in 
mouth  and  udder ;  Down  breeds  preferred. 

The  smooth,  low-set,  symmetrical  ewe  is  preferred  over  the  angular,  up- 
standing ewe  with  uneven  top  and  lower  lines.  ♦  ♦  ♦  Choice  breeding  ewes 
should  have  smooth,  rather  refined  features  and  bono  of  medium  size.  ♦  ♦  ♦ 
While  choice  breeding  ewes  should  be  thrifty  and  active,  fat  is  not  de- 
sirable.    ♦    ♦    ♦ 

Several  factors  combined  cause  breeding  ewes  to  grade  as  good,  such  as  unde- 
sirable markings,  age,  weight,  conformation,  and  condition. 

Common  breeding  ewes  are  on  the  border  line  between  breeders 
and  feeders.  They  show  no  single  line  of  breeding.  In  many  in- 
stances they  are  noticeably  advanced  in  age. 

Bucks. — ^While  the  rams  sold  out  of  Chicago  market  as  breeders  vary  in  age, 
weight,  and  markings,  there  are  no  recognized  grades.  Those  most  sought  after 
are  dark-faced,  smooth,  low-set,  vigorous-looking  rams  of  a  year  or  more  in 
age.  ♦  ♦  ♦  Inspection  of  rams  selected  for  breeding  out  of  the  open  market 
reveals  the  fact  that  the  greater  percentage  show  undesirable  form  and  a  mix- 
ture of  breeding. 

HISCELLANBOUS. 

Hothouse  lambs  (spring  lambs). — The  term  "hothouse  lambs"  refers  to  those 
produced  early  and  marketed  before  the  general  run  of  spring  lambs  start  to 
market,  which  is  about  May  20,    ♦    ♦    ♦    "Hothouse  lambs'*  are  most  in 
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demand  from  Christmas  mitil  E2aster.  They  most  be  fot  and  weHf^  between  40 
and  55  pounds. 

Export  sheep. — ^Most  of  the  sheep  selected  for  export  are  the  heaviest  of  their 
class.  They  are  nsaally  In  prime  condition  and  of  the  choice  grade.  Wetbers 
are  preferred,  but  ewes,  yearlings,  and  lambs  are  also  taken,  faoice  the  tenn 
**  export  ^  can  not  be  said  to  apply  to  any  particular  subclass  of  mntton  sheep. 
Many  buyers  use  the  term  fredy  to  designate  wethers,  yearlings,  ewes,  and 
lambs  heavy  In  weight  and  prime  In  condition,  whether  they  be  taken  for  export 
or  not 

Throw-outs. — ^Thls  Is  a  term  applied  to  lambs  rejected  as  feeders:  After  a 
band  of  lambs  has  been  divided  Into  the  mutton  and  feeder  dasses*  the  pur- 
chaser of  the  feeder  end  usually  has  the  privilege  of  rejecting  those  not  suitable 
for  feeding  purposes.  Lame  lambs,  those  appearing  unthrifty,  entire  males, 
those  large  enough  to  be  suspiciously  near  the  short  yearling  age,  and  frequently 
black  lambs  make  up  the  rejections.  •  •  •  Throw-outs  are  often  called 
**  rejects,**  but  they  are  never  known  as  **  culls  **  or  by  any  of  the  tains  whl^ 
denominate  the  grades  under  the  regular  classification.  Sometimes  th^  s^  oo 
a  basis  of  cull  lamb  prices,  at  other  times  upon  that  for  medium  lambs. 

Bead  sheep. — ^These  are  sheep  that  meet  with  death  In  transit  Losses  are 
greatest  In  warm  weather,  when  deaths  are  frequ^it  If  dose  crowding  In  the 
car  is  practiced.  *  *  *  Dead  sheep  have  a  value  chl^y  for  their  wooL  The 
best  are  worth  25  cents  per  head.  It  Is  claimed  that  50  per  cent  of  them  are 
worthless  on  account  of  the  wool  being  mangled  and  trampled  off. 

Goats. — Goats  are  sold  for  slaugter  provided  they  are  In  good  ccmdltlon,  but 
they  do  not  sell  on  a  par  with  sheep.  Only  a  few  are  sold  on  the  Chicago 
market,  and  hence  they  are  not  graded. 

The  different  classes  and  grades  which  have  been  described  are 
summarized  in  the  following  table : 


oiftsses. 


Summary  of  claaaiflcation  of  sheep. 

Subclasses. 


Matton  sheep  (native  and  west- 
em  sheep) 


Lambs.. 


Wethers. 


Ewes.. 


Grades. 
'"  Prime. 
Choice. 
Good. 
Medium. 
Ck)mmon  or  cuUs. 


1 


{Prime. 
Choice. 
Good. 

^  Prime. 
Choice. 
Good. 
Common. 


r  Prime. 
Choice. 
Good. 
Medium. 
Common  or  cun& 
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Classes. 


Feeder  sheep  (western  sheep )«^  -i 


BreediBg    sheep     (natlye    and 
western  sheep) "* 


Miscellaneous: 

Hothouse  lambs. 
E^xport  sheep. 
Throw-outs. 
Dead  sheep. 
Goats. 


Subclasses.  Grades. 

{Choice. 
Good. 
Ck>mnion. 

r  Fancy  selected. 
Choice. 

Lambs J  Good. 

Medium. 
(^Common. 

{Choice. 
Good. 
Common. 

{Choice. 
Good. 
Medium. 
Common. 

Choice. 

Ewes, -^  ^^^' 

Medium. 

Common. 

Fancy  selected. 

__  ,  Choice. 

Ewes -^  ^     , 

Good. 

Common. 
Bucks (Not  graded). 


VETCH  HAT  AND  VETCH  SUAGE  AS  FEEDS  FOS  COWS." 

Common  vetch  {Vicia  sativa)  is  a  great  nitrogen  gatherer  and 
is  used  as  a  farm  crop  in  many  different  ways.  In  some  localities 
it  has  proved  valuable  as  a  catch  crop  and  also  as  a  cover  crop  in 
orchards.  In  France  it  has  been  grown  to  furnish  honey-making 
material  for  bees.  In  the  eastern  United  States  the  common  vetch 
has  not  proved  to  be  so  valuable  as  other  legumes,  but  in  western 
Oregon  it  has  become  a  standard  stock  feed  and  is  used  as  hay,  silage, 
pasture,  and  as  a  soiling  crop.  It  makes  a  very  palatable  hay  and 
dairy  cattle  prefer  vetch  silage  to  that  made  of  red  clover.  On  some 
farms  vetch  is  replacing  clover  in  the  regular  rotation.  Vetch  is 
usually  sown  in  the  fall  with  wheat  or  rye  to  support  the  stalks,  and  is 
cut  for  hay  when  the  seeds  begin  to  form  in  the  pods.     Under  western 


« Compiled  from  Oregon  Sta.  Buls.  85.  91,  102 ;  Rpt  1905. 
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Oregon  conditions  of  soil  and  climate  it  yields  from  2  to  4  tons  of 
hay  to  the  acre.  The  seed  crop  yields  from  15  to  30  bushels  i>er 
acre. 

Vetch  is  a  heavy  feeder  on  soil  potash.  At  the  Oregon  Station 
the  per  cent  of  ash  found  in  water- free  vetch  was  8.2.  The  ash  con- 
tained 87.5  per  cent  of  potash  and  10.02  per  cent  of  phosphoric 
acid.  Calculating  at  the  rate  of  3  tons  of  cured  hay  to  the  acre,  a 
crop  of  vetch  will  remove  150  pounds  of  potash  and  40  pounds  of 
phosphoric  acid.  As  a  dairy  feed  vetch  is  prized  for  its  high  pro- 
tein content,  though  it  is  quite  variable.  In  10  samples  examined 
in  1903  protein  varied  from  14.63  to  21.31  per  cent,  with  an  average 
of  17.39  per  cent;  in  80  samples  examined  in  1904  protein  varied 
from  12.19  to  23.31  per  cent,  with  an  average  of  18.03  per  cent;  and 
in  152  samples  examined  in  1905  protein  varied  from  9.65  to  25.52 
per  cent,  with  an  average  of  18.85  per  cent. 

In  experiments  with  cows  at  the  Oregon  Station  the  digestibility 
of  the  protein  of  vetch  hay  varied  from  61.07  to  69.91  per  cent,  of 
carbohydrates  from  70.71  to  71.59  per  cent,  and  of  fat  from  68.01  to 
71.21  per  cent  The  digestibility  of  the  protein  of  steamed  vetch 
silage  was  14.62  per  cent,  of  imsteamed  vetch  silage  56.38  per  cent; 
of  the  carbohydrates  of  steamed  vetch  silage  62.83  per  cent,  of  un- 
steamed  vetch  silage  66.85  per  cent;  of  the  fat  of  steamed  vetch 
silage  62.91  per  cent,  of  imsteamed  vetch  silage  77.34  per  cent. 

From  these  experiments  it  will  be  seen  that  vetch  hay  and  vetch 
silage  must  be  considered  as  valuable  protein  feeds  for  dairy  stock, 
and  that  steaming  vetch  silage  reduces  its  digestibility.  "  Over  56 
per  cent  of  the  protein  in  the  unsteamed  silage  is  digested,  while 
less  than  15  per  cent  of  that  in  the  steamed  silage  is  utilized  by  the 
animals.  The  average  per  cent  of  dry  matter,  ash,  fiber,  and  fat 
digested  is  from  10  to  14  per  cent  lower  in  the  steamed  silage.  The 
digestibility  of  the  extract,  or  carbohydrates,  is  approximately  the 
same  in  each.*' 

BIGESTIBILITY  OF.EALK« 

Thousand-headed  kale  {Brassica  oleracea)^  introduced  into  the 
Willamette  Valley,  Oregon,  twenty-seven  years  ago,  has  become  one 
of  the  most  valuable  succulent  dairy  feeds  in  the  State.  It  received 
the  name  "  thousand-headed  "  because  of  the  numerous  branches  when 
given  plenty  of  room  in  which  to  grow.  It  does  not  head  up  like 
cabbage,  but  looks  more  like  rape,  though  the  plants  are  taller  and 
the  leaves  are  longer  and  broader.    The  plant  can  endure  cold  weather, 

«  Compiled  from  Oregcm  Sta.  Bula  91  and  102 ;  Ontario  Agr.  Col,  and  Expt 

Farm  Rpt.  1907,  p.  217 ;  U.  S.  Dept  Agr.,  Bur.  Plant  Indus.  Bui.  94. 
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and  in  the  Oregon  climate  stands  in  the  field  all  winter.  It  is  hauled 
to  the  bam  and  fed  green  from  October  to  April  at  the  rate  of  25  to 
50  pounds  per  day  to  each  animal.  In  the  early  part  of  the  feeding 
season  only  the  lower  leaves  should  be  used,  as  there  will  be  too  much 
loss  in  feeding  the  whole  plant.  Kale  should  not  be  fed  when  frozen, 
nor  should  it  be  allowed  to  remain  in  piles  where  it  will  heat,  and  it 
must  be  fed  just  after  the  milking  period  to  avoid  tainting  the  milk. 
A  single  plant  sometimes  weighs  30  pounds.  A  yield  of  30  to  40  tons 
of  green  kale  to  the  acre  is  not  uncommon.  At  the  Ontario  Experi- 
ment Station,  from  1904  to  1907,  the  average  yield  of  thousand- 
headed  kale  per  acre  was  27.1  tons;  of  hardy  curled  kale,  20.3  tons; 
Jersey  kale,  19.8  tons ;  tall  green  curled  Scotch  kale,  19.3  tons. 

Chemical  analyses  made  at  the  Oregon  Experiment  Station  show 
kale  to  be  very  rich  in  protein  and  mineral  matter.  One  hundred 
pounds  of  fresh  kale  contained  11.3  pounds  of  dry  matter,  2.4  pounds 
of  protein,  0.53  pound  of  fat,  4.98  pounds  of  carixAydrates,  1.54 
pounds  of  fiber,  and  1.84  pounds  of  ash. 

Calculated  to  the  acre  yield  of  30  tons,  these  values  show  that  approximately 
225  pounds  of  potash  and  115  pounds  of  phosphoric  acid  enter  into  the  composi- 
tion of  cfach  acre  of  kale.  This  show^  the  plant  to  be  a  heavy  feeder  on  these 
plant  foods  and  proves  the  necessity  of  a  rich  soil  for  Its  successful  growth. 

At  the  same  station  feeding  experiments  were  made  with  cows  to 
ascertain  the  digestibility  of  kale.  Fresh  kale  was  fed  in  amounts 
varying  from  50  to  80  pounds  per  cow  per  day.  The  average  per 
cent  digested  was  as  follows :  Dry  matter,  68.01 ;  protein,  80.63 ;  fat, 
65.85 ;  carbohydrates,  75.83 ;  fiber,  58.99 ;  ash,  38.81,  indicating  that "  a 
large  proportion  of  the  protein  in  the  kale  is  digestible,  an  average 
of  80.63  per  cent  being  obtained  from  the  four  tests.  The  percentage 
of  digestibility  of  the  other  constituents  is  also  normal  or  above,  with 
the  exception  of  the  ash.'^ 

jnTLLED  COSN.» 

In  a  recent  bulletin  of  the  Maine  Station,  L.  H.  Merrill  says : 

By  treating  com  with  an  alkali  the  hull  or  indigestible  outer  coating  of  the 
kernel  may  be  so  loosened  that  it  can  be  easily  removed.  If  the  alkali  is  then 
thoroughly  removed  by  washing  and  the  product  steamed,  the  result  is  the  so- 
called  "  hulled  com,"  a  very  acceptable  food  with  many. 

In  view  of  the  fact  that  little  or  nothing  is  actually  known  of  the 
digestibility  of  hulled  com  as  compared  with  similar  articles  of  diet. 
Professor  Merrill  made  a  number  of  careful  tests  of  the  digestibility 
of  the  material  when  eaten  with  milk  only  and  with  a  mixed  ration 
of  bread,  butter,  meat,  and  canned  peaches.    The  composition  of  the 

*  Ompiled  from  Maine  Sta.  Bui.  158. 
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hulled  com  used  in  the  experiments  were  as  follows:  Water,  80.24 
per  cent;  protein,  1.9  per  cent;  fat,  1.05  per  cent;  carbohydrates, 
15.04  per  cent;  fiber,  0.2  per  cent;  and  ash,  1.57  per  cent. 

The  digestibility  of  the  hulled  com  as  determined  in  the  experi- 
ments is  shown  in  the  following  table  in  comparison  with  that  of 
white  (wheat)  bread: 

Digestibilitp  of  hulled  com  and  tohite  breads 


Hulled  corn,  simple  diet  (average  of  8  experiments). 
Hulled  com,  mixed  diet  (average  of  8  experiments). 

Hulled  com  alone  (average  of  8  experiments) , 

White  bread,  simple  diet  (average  of  7  experiments) 
White  bread  alone  (average  of  7  experiments) , 


Protein. 


Percent. 
81.7 
00.9 
«1.2 
93.9 
92.6 


Carbohy- 
dnies. 


PereetU. 


97.  S 
97.0 
96.4 
99.1 
9ft.9 


The  above  table  shows  that  the  protein  of  the  hulled  com  is  much 
less  digestible  than  that  of  the  white  bread,  and  that  the  carbohy- 
drates (sugars,  starches,  etc.)  are  slightly  less  digestible,  but  that  the 
hulled  corn  is  more  digestible  when  eaten  in  a  mixed  diet  than  when 
eaten  alone  or  in  a  very  simple  diet.  The  latter  fact  illustrates  a 
general  truth,  viz,  that  many  food  materials  are  more  digestiblo 
when  eaten  in  a  mixed  diet  than  when  used  alone. 


METHODS  OF  MIXING  FAT  INTO  DOTJGH.^ 

The  effect  on  quality  of  mixing  fat  into  dough  in  different  ways 
has  been  studied  by  Miss  M.  U,  Watson,  of  the  Ontario  Agricultural 
College,  who  found  in  the  case  of  biscuits  in  which  the  shortening 
had  been  mixed  in  the  dough  by  rubbing  or  cutting  into  the  flour, 
and  by  also  mixing  in  the  melted  shortening,  that  equally  good  results 
were  obtained  as  regards  .putward  appearance  and  the  way  the  dough 
had  risen,  but  on  breaking  the  biscuits  made  with  melted  butter  they 
were  found  to  be  of  inferior  texture  and  ^emed  very  tough,  while  in 
the  biscuit  in  which  the  butter  was  rubbed  into  the  dough  the  texture 
was  much  better,  more  spongy,  and  quite  tender. 

When  these  methods  of  mixing  in  fat  were  tested  with  cookies  the 
samples  were  found  to  be  very  much  alike  after  baking,  one  being  as 
good  as  the  other. 

o  Compiled  from  Ann.  Rpt.  Ontario  Agr.  Col.  and  Expt  Farm,  83   (1907), 
p.  244. 
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LEITER  OF  TRANSMIHAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 

Washington,  D.  (7.,  March  29,  1909. 

Sir  :  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  a  Farmers'  Bulletin  the  accompanying  manuscript  on 
"  Meadow  Fescue :  Its  Culture  and  U^fes,"  prepared  by  Mr.  H.  N. 
Vinall,  Scientific  Assistant  in  Agrostology  in  Forage  Crop  Investi- 
gations. 

There  is  at  present  a  great  lack  in  the  agricultural  literature  of  this 
country  of  concise  descriptions  of  the  methods  followed  in  the  groin- 
ing and  handling  of  the  different  cultivated  grasses,  especially  for  seed 
production.  This  bulletin  not  only  treats  of  the  value  of  meadow 
fescue  in  meadows  and  permanent  pastures,  but  also  discusses  in 
detail  the  production  of  seed  and  problems  in  connection  with  seed 
growing.  The  publication  of  such  information  should  result  in  a 
wider  use  of  this  grass  in  pasture  improvement  throughout  the  East- 
Central  States. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau, 

Hon.  James  Wilson, 

Secretary  of  Agricvlture. 
mi 
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MEADOW  FESCUE:  ITS  CULTURE  AND  USES. 


mTROmiCTIOK. 

For  the  past  twelve  or  fourteen  years  meadow  fescue  has  been  an 
important  crop  in  northeastern  Kansas.  The  acreage  devoted  to 
this  grass  has,  however,  been  extremely  variable.  This  fluctuating 
tendency  is  due  chiefiy  to  changes  in  the  price  of  seed.  The  meadow 
fescue  seed  crop  has  in  some  years  reached  a  total  valuation  of  over 
$150,000  in  the  very  limited  section  of  the  State  indicated  on  the 


1.— Map    of   the    ITnllcd    States,    aliawlns    the    meadoir    fes. 
hatched    porlton    In  eaitern    Ktmaa   ludlc&tea   the   are&    where    moBt    of    the   meadow 
ttwcae  seed  la  now  piodDccd. 

map  shown  in  figure  1.  The  demand  for  meadow  fescue  seed  is  quite 
limited;  hence,  an  undue  expansion  in  production  has  caused  in 
several  years  a  decided  fall  in  the  price.  The  merits  of  the  grass  are 
such,  however,  that  it  is  believed  that  a  better  knowledge  of  its  use- 
fulness will  result  in  its  being  employed  much  more  extensively, 
especially  for  permanent  pastures  throughout  the  timothy  region. 


6  U&ADOW  FESCUE. 

Meadow  fescue  {Festuca  elaitor  L.,  Festuca  pratensis  Huds.)  is 
also  locally  known  as  "  English  bluegrass,"  notwithstanding  the  fact 
that  in  England  it  is  called  meadow  fescue.  The  name  English  blue- 
grass  should  be  discarded  for  the  established  name  meadow  fescue, 
as  the  use  of  both  leads  to  confusion. 

Meadow  fescue  is  a  strongly  perennial  grass  with  long  fibrous 
roots.  The  seed  stalks  ordinarily  reach  a  height  of  15  to  24  inches 
on  upland  soil,  but  on  rich,  black 
bottom  lands  they  often  attain  a 
length  of  3  feet  or  more.  The 
stalks  themselves  are  rather  bare, 
but  there  is  usually  an  abundance 
of  basal  leaves,  which  have  a  shin- 
ing surface  and  an  Intense  green 
color,  thus  presenting  a  very 
pleasing  appearance  in  the  spring 
and  fall.  The  panicle  is  not  so 
open  as  that  of  brcHne-grass 
{Bromus  inermis)  (see  fig.  2)  and 
as  a  rule  is  slightly  drooping,  so 
that  the  presence  of  meadow  fes- 
cue in  a  field  of  brome-grass  can 
easily  be  detected  by  those  ac- 
quainted with  the  two  grasses. 
Cases  where  meadow  fescue  seed 
has  been  used  as  an  adulterant  in 
brome-grass  are  not  uncommon. 

Meadow  fescue  was  early  used  as 
a  constituent  of  the  pasture  mix- 
tures sold  by  seedsmen,  and  in  this 
way  it  has  been  introduced  into 
most  parts  of  the  United  States. 
It   was  brought   to   this  country 
from  Europe,  probably  from  Eng- 
land, and  until  late  in  the  eighties 
very  nearly  all  of  the  seed  used  in 
this  country  was  imported.    This 
seed  was  of  poor  quality,  weigh- 
ing only  15  pounds  to  the  bushel, 
and  the  light  seed  with  its  accom- 
panying high  price  are  prominent  causes  forthe  slow  advance  in  favor 
of  meadow  fescue  with  farmers.     Its  utilization  has  not  been  more 
general  chiefly  because  farmers  do  not  realize  the  value  of  using  mix- 
tures of  i^erennial  grasses  for  pasture  purposes,  but  cling  persistently 
to  bluegrass  and  timothy  and  red  clover. 


— Panicle  of  meadow  (eacu 
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Meadow  fescue  sown  alone  furnishes  scant  pasturage  during  the 
hot  summer  months,  and  its  lack  of  rootstocks  prevents  its  taking  first 
rank  as  a  pasture  grass  in  any  region  where  Kentucky  bluegrass 
does  well.  Its  value  at  present  is  fully  appreciated  only  in  the 
eastern  parts  of  Nebraska  and  Kansas.  It  is  quite  probable  that  in 
all  the  region  indicated  on  the  accompanying  map  (fig.  1),  except 
perhaps  the  extreme  northern  and  northeastern  portions,  an  increase 
in  the  use  of  meadow  fescue  would  have  a  verv  beneficial  effect  on 
the  pastures. 

The  ability  of  meadow  fescue  to  survive  in  wet  places  when 
trampled  by  stock  keeps  such  places  productive  in  pastures  where 
timothy,  red  clover,  and  Kentucky  bluegrass  fail,  and,  besides  being 
strongly  perennial,  meadow  fescue  has  the  additional  advantage  of 
coming  quickly  and  surely  from  seed,  producing  in  a  short  time  a 
firm  sod  and  considerable  pasturage. 

In  the  East  meadow  fescue  has  shown  itself  to  be  almost  as  well 
adapted  as  orchard  grass  to  the  clay  soils,  and  though  not  quite  as 
productive  it  is  rather  more  palatable  than  the  latter.  As  the  value 
of  tame  pastures  over  native  pastures  is  better  realized,  and  as  the 
English  idea  of  mixtures  is  more  firmly  established  with  the  American 
farmer,  meadow  fescue  will  take  a  more  important  place,  at  least  as 
a  pasture  grass. 

The  southern  limit  of  profitable  meadow  fescue  culture  is  quite 
definitely  located  on  a  line  running  through  northeastern  Oklahoma 
and  northern  Arkansas,  turning  slightly  toward  the  north  through 
eastern  Arkansas  and  western  Tennessee,  but  dropping  south  again 
in  the  mountainous  region  of  Tennessee  and  North  Carolina,  then 
turning  sharply  to  the  northeast,  except  for  a  slight  curve  in  the 
Piedmont  region  of  North  Carolina,  imtil  it  reaches  the  Atlantic  on 
the  southern  point  of  Delaware. 

While  meadow  fescue  seems  to  be  slightly  more  drought  resistant 
than  Kentucky  bluegrass  on  account  of  its  deeper  root  system,  its 
western  limit  at  present  includes  only  the  eastern  parts  of  Nebraska, 
Kansas,  and  the  Dakotas.  The  northern  boundary  is  indefinite, 
depending  to  a  great  extent  on  soil  and  moisture  conditions ;  in  New 
York  it  is  well  north,  while  in  Michigan,  on  account  of  the  aversion 
of  meadow  fescue  to  sandy  soil,  it  drops  south.  Very  little  is  known 
at  present  of  the  behavior  of  meadow  fescue  in  the  New  England 
States.  Meadow  fescue  is  also  well  suited  to  conditions  on  the  Pacific 
slope  of  Washington  and  Oregon,  but  at  present  is  not  extensively 
grown  there. 

In  the  following  pages  the  intention  is  to  describe  as  accurately 
as  possible  the  methods  of  culture  applied  to  the  production  of 
meadow  fescue  in  that  part  of  the  United  States  where  it  has  become 

361 


8  MEADOW   FESCUE, 

of  the  most  importance,  throughout  eastern  Kansas  and  southeastern 
Nebraska;  also  to  point  out  its  uses  and  indicate  its  value  for  other 
sections  of  the  country  where  it  is  now  used  but  sparingly. 

CTTLTTTBE  OF  MEADOW  FESCXTE. 

There  is  so  little  difficulty  in  getting  a  stand  of  meadow  fescue  that 
experienced  farmers  expect  failure  scarcely  more  often  than  in  grain 
seeding. 

Soil. — The  soil  best  adapted  to  the  production  of  meadow  fescue  is 
a  heavy  black  loam.  This  grass  has  been  noted  growing  in  the  most 
decided  "  gumbo  "  spots,  and  in  these  places,  when  the  moisture  was 
sufficient,  no  amount  of  trampling  seemed  to  destroy  it.  It  is  not 
adapted  to  a  light  sandy  soil,  and  the  best  yield  of  hay  and  seed  is 
always  secured  from  heavy  soils  rich  in  organic  matter. 

Preparation  of  the  seed  bed. — The  seed  bed  is  generally  prepared  by 
disking  up  a  cornfield  or  plowing  under  grain  stubble.  The  usual 
practice  is  to  plow  early  in  August,  if  convenient,  then  harrow  and 
cross-harrow,  firming  the  soil  thoroughly  and  making  it  ready  for 
seeding  by  the  last  of  August.  It  is  essential  for  the  proper  germina- 
tion of  any  grass  or  clover  seed  to  have  a  finely  pulverized,  well- 
firmed  seed  bed.  This  condition  of  the  soil  is  best  attained  by  the  use 
of  a  subsurface  packer  followed  by  several  workings  with  a  spike- 
toothed  harrow.  Many  farmers,  however,  do  not  have  the  packer, 
and  as  a  substitute  use  the  ordinary  roller,  loosening  up  the  surface 
after  it  by  attaching  to  the  roller  several  sections  of  a  harrow.  This 
method  is  found  satisfactory  wherever  tried,  and  in  many  cases  means 
the  difference  between  success  and  failure  with  grass  seed.  The  roller 
should  never  be  used  when  the  ground  is  at  all  wet,  and  should 
always  be  followed  by  a  harrow,  so  that  the  surface  will  not  bake, 
but  be  left  with  a  mulch  of  loose  soil. 

The  amount  of  seed  per  acre  used  by  different  growers  varies 
greatly.  Throughout  the  fescue  region,  however,  it  is  the  most  com- 
mon practice  to  use  from  10  to  15  pounds,  and  this  amount  is  con- 
sidered sufficient  whenever  a  seed  crop  is  the  object.  When  seeded 
with  a  grain  drill  a  half  bushel  usually  produces  an  excellent  stand 
and  gives  the  best  results.  Most  of  the  chief  producers  state  that 
heavier  seeding  will  give  a  larger  yield  the  first  year  but  that  the 
field  will  soon  become  sod-bound  and  thereafter  produce  both  a 
smaller .  quantity  and  an  inferior  quality  of  seed.  A  prominent 
grower  of  Lafontaine,  Kans.,  however,  declares  that  he  has  sown 
up  to  li  bushels  of  seed  per  acre  with  good  results,  thereby  both 
increasing  his  yield  and  freeing  the  field  from  weeds.  Under  this 
system  he  has  had  100  acres  average  20  bushels  per  acre.    Many  have 
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found  it  very  advantageous  to  sow  clover  in  the  meadow  fescue,  as 
it  greatly  improves  the  pasture,  while  the  grass  can  be  cut  high  for 
seed  and  leave  a  good  hay  crop  of  clover  and  fescue  leaves  to  be  cut 
later. 

Covering  the  seed. — Meadow  fescue  seed  can  be  sown  broadcast  and 
covered  with  a  harrow  as  other  grass  and  clover  seeds  usually  are, 
but  the  general  opinion  is  that  a  press  or  disk  drill  covering  just  a 
trifle  more  lightly  than  in  sowing  grain  gives  better  results.  This 
practice  insures  a  uniform  stand  and  maximum  germination.  For 
pasture  purposes  a  double  seeding,  applied  by  cross-drilling  10  to  15 
pounds  each  way,  is  suggested. 

Time  of  seeding. — Undoubtedly  the  most  popular  time  for  seeding, 
as  well  as  the  best  time  for  scientific  reasons,  is  from  August  15  to 
September  15,  although  many  sow  later  with  satisfactory  results. 
The  dates  mentioned  give  the  grass  a  good  start  in  the  fall  and 
insure  a  seed  crop  the  following  season,  thus  avoiding  the  loss  of  a 
crop  year  in  getting  the  grass  started,  as  is  the  case  in  spring  seeding. 
A  field  of  8  acres  near  Gardner,  Kans.,  sown  August  27,  1906,  at 
the  rate  of  one-half  bushel  per  acre,  was  one  of  the  best-appearing 
fields  seen  by  the  writer  during  1907.  It  was  harvested  July  5,  1907, 
giving  a  yield  of  18^  bushels  of  seed  per  acre. 

The  extreme  adaptability  of  meadow  fescue  as  to  date  of  seeding 
is  shown  by  another  field  near  Gardner,  Kans.,  which  was  sown  for 
hog  pasture  on  April  20  with  a  mixture  of  meadow  fescue  and 
timothy.  May  20  the  grass  was  about  4  inches  high,  covering  the 
ground  perfectly,  with  a  large  percentage  of  meadow  fescue  in  the 
stand.  In  this  vicinity  meadow  fescue  is  preferred  to  alfalfa  for 
hogs,  as  it  starts  so  much  more  vigorously. 

It  is  seldom  the  practice  to  use  a  nurse  crop.  Fall-sown  meadow 
fescue  gives  a  seed  crop  the  ensuing  year,  while  from  that  sown 
in  the  spring  nothing  is  expected  except  a  little  fall  pasture  until 
the  second  year. 

The  seed  crop. — ^Heretofore  the  production  of  seed  has  been  the  most 
important  consideration  in  the  growing  of  meadow  fescue,  and  has 
been  the  cause  of  the  large  acreage  seeded  in  eastern  Kansas.  The 
market  for  seed  has  been  uncertain,  however,  and  as  it  depends  to 
some  extent  on  the  foreign  demand-  there  has  several  times  been  an 
overproduction  with  consequent  low  prices  and  close  grading,  the 
farmer  not  being  able  to  respond  to  the  pulse  of  a  foreign  demand 
as  easily  as  to  a  domestic  one.  It  is  the  general  opinion  among  the 
producers  that  5  cents  a  pound  is  the  minimum  price  at  which  it  is 
profitable  to  grow  pieadow  fescue  for  seed.  The  price  paid  farmers 
has  varied  in  the  past  decade  from  3  to  15  cents  a  pound. 
88021— Bui.  361—09 2 
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The  commercial  seed  production  of  meadow  fescue  was  begun  in 
1877,  near  Ghtrdner,  Kans.  It  proved  so  profitable  with  the  origi- 
nator, Mr.  S.  H.  Ayers,  that  his  neighbors  began  to  buy  seed  and 
engage  in  the  production  of  meadow  fescue  seed  in  preference  to 
wheat,  as  it  was  quite  permanent  when  once  seeded,  furnished  splen- 
did pasture  after  being  cut,  and  for  many  years  a  hay  crop  was  se- 
cured from  the  stubble.  The  maximum  production  was  probably 
reached  in  1903,  although  1896  was  also  a  good  crop  year.  In  1903  a 
conservative  estimate  places  the  amount  of  clean  seed  produced  in 
Kansas  as  over  130  carloads  of  30,000  pounds  each.  The  1906  crop 
was  less  than  half  this  amoimt,  and  the  1907  crop  showed  a  further 
decrease. 

The  price  paid  in  1903  for  meadow  fescue  seed  ranged  between  3 
and  5  cents,  while  in  1901  it  was  14  and  15  cents.  The  high  prices  of 
1901  caused  the  enormous  acreage  of  the  following  years  and  the  great 
oversupply  of  1902  and  1903,  many  seed  houses  buying  sufficient  seed 
to  fill  their  orders  for  a  year  or  more  ahead.  Another  cause  for  the 
decrease  in  acreage  has  been  the  rust,  which  has  lately  become 
destructive  in  the  meadow  fescue  fields. 

The  grades  of  meadow  fescue  seed  run  opposite  to  those  of  wheat 

After  a  car  is  examined  the  report  is  given  in  the  percentage  of 
chaff  instead  of  that  of  pure  seed,  as  5  or  20  per  cent  instead  of  95 
or  80  per  cent,  meaning  that  5  or  20  per  cent  of  the  bulk  is  trash  or 
foreign  seed.  Grading  has  come  to  be  a  source  of  much  discord 
between  the  grower  and  the  dealer,  since  in  years  of  overproduction 
the  grading,  which  is  at  all  times  in  the  hands  of  the  dealer,  becomes 
more  rigid  and  close. 

Meadow  fescue  is  harvested  for  seed  just  as  the  field  begins  to  take 
on  the  yellowish  brown  cast  characteristic  of  a  ripening  grain  field 
and  the  heads  begin  to  droop  on  account  of  their  weight.  This  in 
ordinary  years  is  between  July  1  and  July  10.  The  grass  is  cut  with 
an  ordinary  grain  binder  and  placed  in  ^nall  shocks  for  curing. 
Careful  growers  put  four  bundles  only  in  each  shock  and  bind  the 
tops  together  with  twine  to  prevent  injury  from  storms  and  loss  of 
color  through  bleaching  (see  fig.  3). 

A  large  percentage  of  the  growers  thrash  their  meadow  fescue 
directly  from  the  field,  hauling  it  to  the  machine  on  hayracks  with 
canvas  stretched  over  the  bottom,  which  saves  the  seed  that  shatters 
out.  However,  thrashing  from  the  shock  is  warrantable  only  because 
it  saves  labor.  An  ordinary  grain  thrasher  is  used  in  thrashing  with 
no  changes  except  the  shutting  off  of  most  of  the  wind  from  the  fan 
and  the  addition  of  a  special  screen,  although  this  latter  is  not  indis- 
pensable, as  fairly  good  work  can  be  done  with  *an  ordinary  wheat 
riddle.    The  brightest  and  heaviest  seed  is  obtained  by  stacking  the 
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fescue  and  thrashing  after  it  has  had  sufficient  time   (six  to  eight 
weeks)  to  cure  in  the  stack. 

The  yield  of  seed  varies  greatly.  From  6  to  25  bushels  per  acre 
have  been  reported;  15  bushels  is  considered  a  good  yield,  and  the 
average  probably  lies  between  8  and  12  bushels.  First-class  seed 
weighs  about  25  pounds  per  bushel.  Opinions  differ  as  to  the 
advisability  of  pasturing  meadows  which  are  to  be  used  in  seed 
production.  A  considerable  number  of  farmers  who  have  large 
stock  interests  claim  that  they  are  able  to  pasture  for  a  short  time 
in  the  spring  and  again  throughout  the  fall  without  injuring  the 
seed  harvest.     Observation  would  lead  to  the  belief,  however,  that 


Pia.  8. — Field  ol  meadow  feacue  in  shock,  Bhowins  the  bands  at  tbe  top. 

the  largest  yields  are  obtained  from  fields  which  are  not  pastured 
in  the  spring  and  very  judiciously,  if  at  all,  in  the  fall.  If  the 
growth  is  heavy  in  the  autumn  a  slight  grazing  will  do  no  harm, 
but  heavy  pasturing  in  the  spring  will  lessen  the  vitality  of  the 
plant  and  thus  tend  to  produce  a  light  yield  of  seed. 

The  principal  shipping  points  in  Kansas  for  meadow  fescue  seed 
have  been  in  the  past  at  Gardner,  Wellsville,  Olathe,  and  Spring- 
hill  in  Johnson  County;  Ovprbrook  in  Osage  County:  Rending  in 
Lyon  County;  Madison  and  Hamilton  in  Greenwood  County;  Fre- 
donia  and  Lafontaine  in  Wilson  County;  and  Marysville  in  Marshall 
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County.  Some  seed  has  been  shipped  from  Lockwood  and  Nevada, 
Mo.,  but  the  whole  State  of  Missouri  has  never  furnished  more  than 
five  carloads  in  any  one  year. 

Hay. — Seed  production  has  so  overshadowed  all  other  interests  in 
meadow  fescue  growing  that  only  a  small  quantity  of  hay  is  put  on 
the  market,  very  little  of  the  grass  being  cut  at  the  right  stage  of 
growth  to  make  prime  hay.  For  this  reason  there  is  no  established 
price  for  the  hay  in  cities.  Several  stockmen  who  are  growing 
meadow  fescue  for  hay  exclusively  claim  that  although  the  hay  is 
somewhat  stemmy  and  inclined  to  be  slightly  laxative,  it  is  an  excel- 
lent fat  producer,  and  when  mixed  with  timothy  and  clover  improves 
the  value  of  these  as  hay  for  general  feeding  purposes. 

A  crop  of  hay  is  sometimes  cut  after  the  seed  harvest,  but  this  is 
possible  only  when  the  harvest  is  followed  by  rains  and  the  meadow  is 
young  and  vigorous.  A  crop  of  this  kind  is  largely  leaves,  and  if 
mixed  with  clover  makes  a  splendid  feed,  fully  equal  to  timothy  and 
clover  for  most  animals.  It  can  hardly  be  recommended  for  driving 
horses,  however,  on  account  of  its  laxative  effect.  Meadow  fescue 
hay  is  almost  as  palatable  as  timothy,  and  chemical  analyses  indicate 
that  its  nutritive  value  is  even  higher.  When  used  exclusively  as  a 
hay  crop  it  is  cut  just  as  it  is  coming  into  bloom,  about  June  20  to 
25.  The  yield  is  usually  1  to  1 J  tons  per  acre,  which,  however,  can  be 
increased  to  2  and  even  3  tons  by  the  application  of  barnyard  manure. 
The  aftermath  is  usually  good,  much  stronger  than  timothy,  and 
furnishes  succulent  pasturage  until  well  into  the  winter. 

Pasture. — For  pasture,  especially  in  mixtures,  meadow  fescue  is  one 
of  the  best  grasses  yet  tried  throughout  eastern  Kansas  and  south- 
eastern Nebraska.  Stockmen  find  it  most  valuable  as  an  early  and  a 
late  pasture.  It  is  ready  for  the  cattle  in  this  region  usually  by  the 
middle  of  March  or  the  first  of  April,  and  it  is  pastured  at  this  time 
for  almost  two  months,  when  the  stock  are  removed  to  native  pas- 
tures. By  the  first  of  August  the  aftermath  is  beginning  to  show  a 
good  growth.  In  most  cases,  however,  there  is  little  rain  during 
August,  and  it  is  September  15  or  later  before  the  aftermath  is  heavy 
enough  to  stand  pasturing.  Meadow  fescue  continues  to  grow,  how- 
ever, through  the  cool  weather  of  fall  and  early  winter,  and  even 
after  snowfall  furnishes  considerable  green  feed  if  .not  too  heavily 
pastured  during  the  summer  months.  For  this  reason  it  is  valuable 
to  supplement  native  pastures  during  October  and  the  early  part  of 
November  before  the  cattle  are  put  in  the  feed  yard.  It  is  superior 
to  Kentucky  bluegrass  during  the  hot  summer  months,  but  is  not 
equal  to  the  native  bluestem  pastures  for  that  part  of  the  year. 
ifeadow  fescue,  although  it  has  no  rootstocks,  is  not  inclined  to  be- 
come bunchy  or  tussocky  when  pastured,  as  does  orchard  grass. 
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Meadow  fescue  is  quite  valuable  for  dairy  cows,  but  its  principal 
point  of  excellence  is  as  pasture  for  fattening  cattle.  It  has  a  splen- 
did reputation  among  the  feeders  of  eastern  Kansas  and  southeastern 
Nebraska.  Many  claim  for  it  a  relatively  high  value  as  hog  pasture, 
but  it  is  only  in  localities  where  a  shallow  soil  and  the  presence  of 
hardpan  prohibit  the  successful  culture  of  alfalfa  that  it  is  used  for 
this  purpose.  Brome-grass  also  outranks  it  in  this  respect,  being 
evidently  preferred  by  hogs  when  the  two  grasses  are  growing 
together. 

The  length  of  time  during  which  a  meadow  will  produce  hay  and 
pasture  profitably  depends  altogether  on  its  treatment.  Meadows  of 
this  grass  when  treated  with  barnyard  manure  have  remained  pro- 
ductive from  twelve  to  seventeen  years.  The  most  progressive 
farmers,  however,  make  use  of  meadow  fescue  in  a  rotation,  allowing 
a  field  to  remain  in  meadow  from  three  to  six  years  only.  For  per- 
manent pastures  there  is  great  advantage  in  mowing  the  weeds  once 
or  twice  a  year  and  applying  a  top-dressing  of  manure.  The  manure 
should  always  be  spread  with  a  manure  spreader  and  only  a  light 
application  given.  For  some  time  after  this  application  the  pasture 
will  be  useless,  so  that  it  is  best  to  apply  it  to  only  one-half  of  the 
pasture  land  at  a  time,  covering  the  halves  in  alternate  years. 

Mixtures  with  other  {grasses. — Meadow  fescue  is  now  used  throughout 
all  the  region  indicated  on  the  map  (fig.  1)  as  a  prominent  con- 
stituent in  pasture  mixtures  and  to  a  small  extent  for  hay  meadows. 
These  mixtures  of  course  should  vary  according  to  the  latitude.  In 
Nebraska,  for  instance,  brome-grass,  timothy,  alfalfa,  and  red  clover 
are  most  largely  used  with  meadow  fescue;  in  the  central  region 
Kentucky  bluegrass  and  white  clover  are  quite  valuable,  while  far- 
ther south  orchard  grass  and  alsike  clover  prevail.  To  the  east  in 
this  southern  division,  tall  meadow  oat-grass  and  the  rye-grasses  are 
added  with  good  results,  and  on  wet  soils  redtop  is  extremely  valu- 
able. In  the  western  part  of  this  region  a  considerable  number  of 
farmers  are  using  alfalfa  in  connection  with  the  grasses  for  pasture 
with  splendid  results,  especially  in  increasing  the  amoimt  of  pas- 
turage. Very  little  trouble  is  experienced  from  bloating  when  the 
pasture  has  less  than  50  per  cent  of  alfalfa. 

On  heavy  soils  the  meadow  fescue  is  likely  to  prove  more  than  an 
equal  in  competition  with  the  other  grasses,  but  in  localities  especially 
suited  to  Kentucky  bluegrass  or  brome-grass,  as  the  case  may  be, 
meadow  fescue  is  overcome  and  gradually  crowded  out.  Its  special 
value  arises  from  its  characteristic  of  coming  surely  and  quickly  from 
seed,  thus  occupying  the  ground  to  the  exclusion  of  weeds  and  fur- 
nishing forage  while  the  weaker  grasses  are  getting  started. 

Botative  value  of  meadow  fescue. — The  most  sensible  and  profitable 
system  of  rotation  for  meadow  fescue  when  being  grown  for  seed  pro- 
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duction  was  found  in  use  on  a  farm  near  Wellsville,  Kans.  On  this 
farm  meadow  fescue  is  valued  very  highly  as  a  soil  renovator,  the 
owner  believing  that  its  effect  on  com  is  nearly  equal  to  that  of  clover. 
His  fields  are  arranged  to  accommodate  meadow  fescue  three  years, 
followed  by  two  years  of  com,  then  one  year  in  small  grain.  This 
six-year  rotation  carries  the  meadow  fescue  through  its  period  of 
greatest  production  and  changes  often  enough  to  allow  for  the  pro- 
duction of  considerable  com,  which  is  necessary  in  the  feeding  opera- 
tions of  this  region  and  as  a  money  crop.  In  the  cornfields  under  this 
svstem  the  division  between  the  first  and  second  vear  from  meadow 
could  be  distinctly  noted  by  the  darker  color  of  the  foliage  and  the 
greater  vigor  of  the  stalks.  Whether  or  not  any  regular  rotative  sys- 
tem is  followed,  com  is  generally  the  crop  used  to  succeed  meadow 
fescue. 

Breaking  up  a  meadow. — ^The  breaking  up  of  a  meadow  is  generally 
carried  on  in  the  fall,  as  this  allows  the  sod  to  decay  and  mdlow 
before  planting  time  in  the  spring.  In  the  spring  the  field  is  either 
back-set  or  disked  up  thoroughly,  when  it  can  be  planted  or  listed  as 
desired.  The  sod  of  meadow  fescue,  although  a  trifle  tougher  than 
timothy,  is  not  difficult  to  get  into  condition,  never  giving  the  trouble 
that  brome-grass  does  in  the  Dakotas  by  resodding  the  field.  Farmers 
declare  that  meadow  fescue  sod  disintegrates  so  quickly  that  even  the 
first  cultivation  of  the  corn  is  not  difficult.  All  growers  unite  in 
declaring  it  a  very  useful  crop  for  improving  soil  texture. 

ENEMIES  OF  MEADOW  FESCXTE. 

Bust. — Four  or  five  years  ago  the  oat  rust  {Puccinia  coronata) 
began  to  be  destructive  in  the  fescue  fields.  It  does  not  appear 
usually  in  any  prominence  until  after  harvest.  Then,  if  the  seascHi 
is  wet,  the  aftermath  will  be  so  badly  affected  that  not  only  is  the 
fall  pasture  ruined,  but  the  functions  of  the  plants  are  so  hindered 
that  they  pass  through  the  winter  in  a  weakened  state,  and  in  the 
spring,  instead  of  stooling  out,  the  grass  sends  up  few  culms,  and 
consequently  the  seed  harvest  is  decreased. 

The  exact  amount  of  decrease  attributable  to  the  rust  can  not  be 
determined,  but  there  is  no  doubt  that  the  injury  has  been  severe 
for  the  past  four  years,  owing  largely  to  the  unusual  amount  of 
rainfall  during  the  summer  months.  In  the  past,  prior  to  the  appear- 
ance of  the  rust,  a  second  cutting  of  hay  was  expected  in  a  majority 
of  years;  now  it  is  looked  upon  as  quite  unusual.  The  aftermath 
in  many  fields  was  quite  badly  affected  in  1907,  the  old  meadows 
being  the  ones  most  subject  to  attack.  In  these  the  value  of  the 
pasture  was  very  small. 
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Weeds. — The  most  troublesome  weeds  in  the  fescue  meadows  are 
whitetop  (Erigeron  ramofua),  common  cheat  (Bromva  secalintia), 
and  Japan  cheat  {B.  japonicua  Thumb.,  B.  patidua  Mert.  and  Koch.), 
buckhom,  broad  plantain,  and  dock.  Of  these  the  first  two  are  by 
iar  the  most  serious.  Cheat  (B.  secalinui)  has  always  caused  trouble 
in  meadow  fescue  production  on  account  of  the  very  close  resemblance 
of  its  seeds  to  those  of  the  fescue.  A  number  of  farmers  who  have 
purchased  and  planted  meadow  fescue  seed  have  found  their  fields  to 
be  largely  cheat  the  following  year.  This  can  be  attributed  to  some 
extent  to  the  ability  of  the  cheat  to  germinate  almost  perfectly  even 


Flo.  4. — Meadow  fMCoe  seed.     Mignllled  nine  dlameten. 

under  adverse  conditions.  The  principal  cause,  however,  lies  in  the 
carelessness  of  seedsmen  when  purchasing  their  supply  of  fescue  seed, 
it  being  nearly  impossible  to  separate  cheat  {Bromus  secalinus)  seed 
from  that  of  meadow  fescue  when  once  they  are  mixed  (see  figs.  4 
and  5).  This  difficulty  is  overcome  in  the  fescue  region  to  a  great 
extent  by  the  farmer  buying  seed  from  his  neighbor  which  was  pro- 
duced in  a  field  he  knows  to  be  practically  free  from  cheat. 

There  has  lately  appeared  in  a  few  fields  another  form  of  cheat. 
This  is  a  slender,  slightly  recumbent,  pubescent  species  naturalized 
from  Europe  {Bromut  japonicua).     It  was  noted  on  several  farms  in 
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Johnson  County,  Kans.,  and  has  become  quite  well  established  along 
hedgerows  and  in  fence  comers.  It  seems  to  be  a  particularly  aggres- 
sive species,  and  is  feared  by  those  who  know  it  much  more  than 
Bromus  secalinus,  which  appears  to  prefer  the  cultivated  ground. 

Whitetop  {Erigeron  ramosus)  is  troublesome  only  at  irregular  in- 
tervals. A  number  of  fields  visited  during  1907  had  much  the  ap- 
pearance of  fields  of  daisies.  Meadows  as  badly  infested  as  this  were 
rare,  but  a  great  many  contained  enough  of  the  weed  to  insure  its 
further  dissemination.  It  will  be  difficult  to  check  its  distribution 
over  the  fescue  region,  especially  in  meadows  where  no  definite  rota- 


Flu.  G. — CommoD  cbeat  (Bromui  (ecoliniw)  Beed.     Hagnlfled  nine  dlimeteTB. 

tion  is  practiced.  The  new  fields  are  always  the  cleanest  and  a  short 
rotation  tends  to  rid  the  fields  of  plantain  and  dock  as  well  as 
whitetop. 

MEADOW  FE8CTTE  HT  THE  EAST. 

Reports  from  the  agricultural  experiment  stations  of  Kentucky, 
Tennessee,  Alabama,  and  North  Carolina  indicate  that  meadow  fescue 
is  a  valuable  grass  in  each  of  these  States.  Its  strong  points  are 
enumerated  by  writers  as  drought  resistance,  frost  resistance,  and 
early  spring  and  late  fall  pasturage.     'Where  grown  in  New  York 
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the  results  have  been  quite  satisfactory,  and  a  trial  by  farmers  in 
Virginia  has  resulted  in  the  conclusion  that  meadow  fescue  is  valuable 
for  hay  and  pasturage,  furnishing  earlier  grazing  than  any  other 
grass  tried. 

A  thorough  trial  of  meadow  fescue  at  the  Gtovemment  experi- 
mental farm  at  Arlington,  Va.,  develops  the  fact  that  on  the  poor, 
stiff,  clay  soil  there  a  stand  of  meadow  fescue  can  be  obtained  easily, 
the  vitality  of  the  seed  being  equal  to  that  of  any  of  the  different 
grasses  tried.  This  ability  to  come  up  early  and  strong  in  the  spring 
is  of  great  importance  for  pasture  purposes,  especially  where  weeds 
are  numerous,  as  they  are  throughout  the  East. 

Fifteen  different  mixtures  of  perennial  grasses  were  tried  at  the 
Arlington  Experimental  Farm  to  determine  the  best  combination 
for  hay  and  for  pasture.  In  all  of  these  meadow  fescue  proved  an 
exceedingly  valuable  constituent,  improving  the  plot  in  appearance 
and  in  amount  of  forage  produced.  The  plot  giving  the  best  results 
was  a  very  complex  mixture,  containing  orchard  grass,  timothy, 
brome-grass,  redtop,  English  and  Italian  rye-grasses,  Kentucky  blue- 
grass,  meadow  fescue,  tall  meadow  oat-grass,  and  red,  white,  and 
alsike  clover.  This  plot  early  in  the  spring  (March  16)  showed 
splendid  vigor,  the  meadow  fescue  and  rye-gra&ses  rooting  strongly 
enough  to  prevent  the  upheaval  by  frost  of  any  of  the  grasses  in  the 
plot ;  these  grasses  not  only  resist  upheaval  themselves  but  hold  the 
other  grasses  in  by  their  strong  root  systems.  This  plot  was  cut  July 
1  and  yielded  at  the  rate  of  3^  tons  per  acre. 

Another  plot  which  did  especially  well  and  showed  the  value  of 
the  meadow  fescue  consisted  of  English  and  Italian  rye-grasses  and 
meadow  fescue.  This  plot  was  one  of  the  earliest  and  best  in  the 
section,  yielding  at  the  rate  of  2|  tons  to  the  acre. 

These  yields  are  not  indicative  of  the  exact  value  of  meadow  fescue 
as  a  hay  grass  when  used  alone,  since  the  yield  of  plots  containing 
meadow  fescue  only  was  low  compared  to  that  of  plots  on  which 
standard  grasses  were  grown. 

The  different  plots  of  pure  grasses  (each  one-twentieth  of  an  acre 
in  extent)  gave  yields  of  hay  as  follows: 

Pounds. 

Meadow  fescue 154 

Redtop 160 

Tall  oat-grass ._  180 

Timothy ISO 

Italian  rye-grass 160 

Perennial  rye-grass 140 

Orchard  grass 144 

It  would  appear  from  the  yields  here  given  that  meadow  fescue  is 
not  equal  to  timothy  in  a  region  where  the  latter  does  well,  and  the 
lack  of  leaves  on  the  culms  of  meadow  fescue  would  limit  its  use  for 
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hay  purposes  in  any  locality.  The  aftermath,  however,  on  the  plots 
containing  meadow  fescue  was  invariably  stronger  and  more  succulent 
than  that  on  plots  of  other  grasses,  and  the  heavy  frosts  of  late  fall 
did  not  injure  it.  This  ability  to  produce  a  large  amount  of  fall 
pasturage  after  being  cut  for  hay  compensates  to  some  extent  for  the 
deficiency  of  meadow  fescue  in  yield  of  hay. 

The  behavior  of  meadow  fescue  at  the  Arlington  Experimental 
Farm  leads  the  writer  to  believe  that  in  the  East  it  is  a  most  valuable 
constituent  for  any  pasture  mixture,  and  that,  in  fact,  it  should  be 
for  many  localities  the  predominating  member  of  the  group. 

PRESENT  DffPOBTANCE  AND  FUTITBE  OF  MEADOW  FESCUE. 

There  is  no  doubt  that  the  acreage  of  meadow  fescue  in  eastern 
Kansas  has  decreased  steadily  since  1903.  A  careful  investigator 
who  has  canvassed  the  situation  thoroughly  in  buying  seed  for  a 
firm  in  Chicago,  111.,  claims  that  at  least  40  per  cent  of  the  old 
meadow  fescue  fields  of  Johnson  County  have  been  plowed  up  in  the 
last  two  years.  The  exact  status  of  the  industry  in  Gardner  Town- 
ship is  shown  by  the  assessors'  returns,  which  state  that  there  were 
2,200  acres  in  meadow  fescue  in  1906  as  against  1,000  in  1907.  This 
township  is  the  home  of  the  meadow  fescue  seed  industry,  producing 
more  seed  than  any  other  locality  in  the  State.  Results  here  are  an 
index  to  conditions  in  all  other  localities,  the  same  decrease  being 
noticeable  in  Osage,  Wilson,  Marshall,  and  Greenwood  counties.  The 
cause  of  this  decrease  has  already  been  explained  in  the  discussion 
of  the  rust  and  the  seed  prices. 

At  the  present  value  of  the  land  in  eastern  Kansas  a  yield  of  10  to 
15  bushels  of  seed  per  acre  should  be  accompanied  by  a  price  of  5  or 
6  cents  a  pound  to  make  its  production  profitable  from  a  seed  stand- 
point. Even  then,  meadow  fescue  would  take  precedence  over  wheat 
and  other  grains  only  because  of  its  perennial  habit  in  connection 
with  the  production  of  seed.  It  has  superseded  alfalfa  in  north- 
eastern Kansas  because  it  has  been  found  difficult  to  grow  the  latter 
there  on  account  of  the  heavy  rainfall  and  shallow  soil,  much  of  the 
fescue  land  being  underlaid  by  hardpan. 

The  future  expansion  of  the  area  devoted  to  meadow  fescue  culture 
will  depend  on  its  use  in  permanent  pasture  mixtures  and  in  hay 
meadows  east  and  southeast  of  its  present  sphere.  While  not  the  very 
best  of  hay  grasses,  it  is  one  of  the  most  valuable  of  the  domesticated 
grasses  for  seeding  pasture  land  in  any  part  of  the  region  indicated 
on  the  map  (fig.  1).  It  has  long  been  a  recognized  fact  that  mixed, 
pastures  are  as  a  rule  more  palatable  to  stock  and  that  they  cover  the 
ground  more  evenly  than  any  one  grass  alone,  and  in  mixtures  for  this 
purpose  meadow  fescue  is  among  the  best. 

361 


MEADOW   FESCTTB.  19 

TALLFESCTTE. 

Comparison  of  tall  fescue  with  meadow  fescne. — The  opportunity  to 
compare  meadow  fescue  and  tall  fescue  has  been  limited  heretofore 
on  account  of  the  few  fields  of  the  latter  growing  in  the  United  States. 
During  the  last  two  years  cooperative  experiments  in  growing  tall 
fescue  have  been  arranged  in  eastern  Kansas  for  the  purpose  of  com- 
paring it  with  meadow  fescue. 

Tall  fescue  is  apparently  intermediate  in  character  between  meadow 
fescue  and  reed  fescue.  The  purely  scientific  question  of  their  rela- 
tionship is  left  for  discussion  in  botanical  publications.  The  fact  is 
quite  apparent  that  tall  fescue  is  at  least  an  agricultural  variety,  and 
in  field  tests  it  has  shown  several  important  differences  from  meadow 
fescue.  Seedsmen  usually  list  meadow  fescue  under  the  technical 
name  of  Festuca  pratensis  and  tall  fescue  under  the  name  of  Festuca 
elatior.  This  usage  Ls  well  fixed  agriculturally,  but  the  two  varieties 
do  not  represent  distinct  botanical  species  or  subspecies. 

Seed  habits  of  tall  fescue. — ^Tall  fescue  (see  figs.  6  and  7)  has  an 
undesirable  habit  of  ripening  its  seed  very  unevenly  on  the  panicle, 
causing  it  to  shatter  badly.  Growers  are  forced  to  harvest  their  tall 
fescue  while  the  seed  stalk  is  still  quite  green  in  order  to  save  any 
considerable  portion  of  the  seed.  This  fault  very  likely  accounts  for 
the  ordinarily  low  germination  of  the  seed,  and  coupled  with  the 
fact  that  tall  fescue  sends  up  very  few  culms  makes  the  yield  light. 
From  3  to  7  bushels  per  acre  were  harvested  last  season  in  the  same 
fields  which  gave  a  yield  of  from  12  to  18  bushels  of  meadow  fescue 
seed.  This  was  largely  due  to  the  fact  that  a  clump  of  the  latter 
grass  possessed  from  two  to  three  times  as  many  seed  stalks  as  one 
of  the  tall  fescue.  The  growers  complained,  also,  that  nearly  half 
of  the  seed  shattered  out  before  it  could  be  taken  to  the  machine. 

The  results  of  experiments  at  Pullman,  Wash.,  have  seemed  to 
indicate  that  in  the  district  around  Pullman  seed  of  tall  fescue  can 
be  produced  very  profitably.  Plots  consisting  of  from  two  to  three 
square  rods  yielded  in  cultivated  rows  at  the  rate  of  24  bushels  per 
acre.  These  rows  were  about  18  inches  apart  and  were  cultivated 
with  a  wheel  hoe.  Where  broadcasted,  about  half  of  this  quantity  of 
seed  was  secured.  It  is  worth  while  to  note  in  this  connection,  how- 
ever, that  meadow  fescue  under  the  same  conditions  produced  at  the 
rate  of  from  30  to  40  bushels  of  seed  to  the  acre. 

The  extremely  high  price  of  tall  fescue  seed  makes  an  ordinary 
yield  quite  profitable.  Owing  to  the  fact  that  seed  of  this  grass  has 
been  quite  scarce,  the  price  has  ranged  in  the  United  States  from 
20  to  30  cents  a  pound.  It  is  valued  very  highly  in  England,  and 
as  the  true  tall  fescue  is  much  desired  for  seeding  meadows  and 

861 


20  MXADOW  FESCUE. 

pastures  there,  England  may  provide  a  considerable  market   for 
American-grown  seed  when  the  fact  is  established  that  pure  seed  is 
being  grown  in  the  United  States. 
Svst  reristanoe  of  tall  feione. — ^The  foliage  of  tall  fescue  is  qolte 

abundant  : 
rather  ban 
fescue  for 
rust  has  I 
slightest  si 


Inoculat  ; 

that  it  is  , 

prevalent  on  meadow  fescue.  Its  resistance,  therefore,  may  be  due 
largely  to  its  greater  vigor.  If  the  destnictiveness  of  the  rust  con- 
tinues to  increase  in  the  meadow  fescue  fields  of  eastern  Kansas, 
growers  will  necessarily  be  obliged  to  substitute  some  grass  which  is 
not  so  badly  affected  by  it.  Tall  fescue  gives  most  promise  of  filling 
this  want.  Another  advantage  which  arises  largely  from  its  rust 
resistance  is  the  strong  aftermath  that  tall  fescue  always  prodncea 


MEADOW  FEBCUE.  ^1 

/I      .  ^®  seed  harvest.    One  grower  near  Edgerton,  Kkiis.,  cut  very 

*Ae  «ZJ*  '""^  *^'  ^"^  P**"  *"*  ^"'  '^'^  **"  fescue  field  two  weeks  after 

**"  harvest.    Others  secured  an  aftermath  fully  equal  to  this. 


imparUr"  of  ^^  fetcne. — It  would  appear  that  tall  fescue  may 
uacOfM  of  so*"®  importance  in  this  part  of  Kansas,  and  if  the  seed 
can  be  produced  cheaply  enough  it  will  largely  replace  meadow 
^scue  in  pasture  and  meadow  mixtures  for  the  East-Central  States, 
hAcause  it  invariably  makes  a  more  vigorous  growth  of  foliage. 


22  MEADOW  FESCUE. 

SuJOlAax. 

(1)  Meadow  fescue  is  largely  called  "  English  bluegrass,"  but  that 
name  should  be  discarded  for  the  correct  one. 

(2)  Meadow  fescue  is  most  important  in  eastern  Kansas  and  south- 
eastern Nebraska. 

(3)  This  grass  should  be  utilized  more  largely  in  the  pasture  mix- 
tures of  the  East-Central  States. 

(4)  The  peculiar  advantages  of  meadow  fescue  for  use  in  mix- 
tures are  its  certain  and  strong  germination  from  seed,  its  palatabil- 
ity,  and  its  ability  to  endure  trampling  and  to  thrive  in  wet, 
"  gumbo  "  spots. 

(5)  The  production  of  meadow  fescue  seed  has  been  quite  an  im- 
portant industry  over  a  considerable  section  in  eastern  Kansas,  but 
the  area  devoted  to  it  is  decreasing  on  account  of  the  prevalence  of 
rust  and  the  uncertainty  as  to  price  of  seed. 

(6)  The  worst  impurity  in  commercial  meadow  fescue  seed  is 
ordinary  cheat  {Bromus  secalinus),  which  is  quite  common  in  the 
meadow  fescue  fields  of  Kansas. 

(7)  A  substitute  for  meadow  fescue  if  the  rust  makes  its  produc- 
tion unprofitable  can  be  found  in  tall  fescue,  which  appears  to  be 
rust  resistant. 
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U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D.  C]  March  26^  1909. 

Sir  :  I  have  the  honor  to  present  herewith  a  paper  entitled  "  Condi- 
tions Affecting  the  Value  of  Market  Hay,"  prepared  by  Mr.  Harry  B. 
McClure,  Scientific  Assistant  in  the  Office  of  Farm  Management, 
Bureau  of  Plant  Industry,  and  recommend  that  it  be  published  as  a 
Farmers'  Bulletin. 

This  paper  was  prepared  from  an  address  delivered  before  the  Fif- 
teenth Annual  Convention  of  the  National  Hay  Association,  at  Cedar 
Point,  Ohio,  July  28-30,  1908,  at  which  meeting  resolutions  were 
passed  asking  that  it  be  published  as  a  bulletin  of  the  Department 
and  distributed  among  hay  producers^  and  feeders. 

Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 

362  3 


CONTENTS. 


Page. 

Factors  inflaencing  the  hay  industry 7 

Southern  hay  trade 9 

Tame  hay  areas  of  the  tJnited  States 9 

Increase  in  yield  per  acre  of  hay  from  1865  to  1905 10 

Price  of  hay  for  forty  years 13 

Increasing  value  of  hay  lands 13 

Fertilizing  elements  in  hay 14 

Need  of  suitable  rotations  for  hay  lands 15 

Nutritive  substances  in  hay 16 

Palatability  of  hay 17 

Digestibility  of  hay 18 

Aroma  of  hay 19 

Grassy  and  weedy  hay 19 

Low-grade  hay  on  the  market 21 

Value  of  low-grade  hay 23 

(Trades  of  hay  adopted  by  the  National  Hay  Association 23 

Loss  caused  by  stacking  hay 25 

Value  of  clover  hay 27 

Conclusions 27 


ILLUSTRATIONS. 


Pace* 
Fir..  1.  Map  of  the  United  States,  showing  the  production  of  hay  from  culti- 
vated and  **other  tame  grasses,"  as  reported  by  the  census  of  1900. .        10 

2.  Map  of  the  Uniteil  States,  showing  the  clover-hay  area,  as  reported  by 

the  census  of  1 900 11 

3.  Diagram  showing  the  average  yield  per  acre  of  hay,  for  periods  of  five 

years,  1865  to  1905,  for  the  United  States  and  for  the  ten  leading 
timothy-hay-producing  States 12 

4.  Diagram  showing  the  average  farm  value  per  ton  of  hay  on  December 

1,  for  periods  of  five  years,  1865  to  1905,  for  the  United  States  and 

for  the  ten  leading  timothy- hay-producing  States 12 

5.  Diagram  showing  the  relative  amounts  of  digestible  protein  and  carbo- 

hydrates in  different  kinds  of  hay 17 

6.  View  of  a  meadow,  showing  a  growth  of  various  grasses  and  weeds. . .        22 

7.  Stack  of  hay,  showing  deterioration  caused  by  exposure  to  the  weather.        25 

362  5 


B.  P.  I.— 465. 


CONDITIONS  AFFECTING  THE  VALUE  OF 

MARKET  HAY. 


FACTOES  INPLTTENCING  THE  HAY  INDTJSTEY. 

At  the  present  time  there  is  considerable  confusion  and  misunder- 
standing regarding  the  value  of  the  different  kinds  and  grades  of 
market  hay.  The  producer  many  times  does  not  know  what  the 
market  requires  in  regard  to  purity,  or  freedom  from  volunteer 
grasses,  weeds,  etc.,  and  quality,  which  depends  on  methods  of  cut- 
ting, curing,  and  baling.  The  average  feeder  often  thinks  that  one 
kind  of  hay  will  answer  all  feeding  purposes  and  pays  a  very  high 
price  for  this  kind ;  consequently,  when  other  kinds  which  may  be  more 
valuable  than  the  standard  market  hav  are  sent  to  the  market,  they 
sell  at  a  price  which  is  not  very  profitable  to  the  producer.  This  is 
because  the  feeder's  ideas  concerning  the  feeding  value  of  certain 
kinds  of  hay  are  erroneous.  As  a  result  of  these  misunderstandings 
both  feeder  and  producer  lose  money.  In  order  that  all  concerned 
in  the  hay  industry,  namely,  producer,  shipper,  receiver,  and  feeder, 
may  each  receive  his  share  of  profit  from  the  growing,  handling,  or 
feeding  of  hay,  it  is  necessary  that  they  work  together  in  harmony 
for  their  mutual  benefit.  In  order  to  do  this  and  place  the  hay  busi- 
ness on  a  better  foundation,  the  following  points  are  important: 

(1)  A  better  knowledge  by  the  feeder  of  the  feeding  value  of  the 
different  kinds  and  grades  of  market  hay  would  be  of  decided  ad- 
vantage to  both  feeder  and  producer.  The  feeding  value  of  any 
kind  of  hay  should  depend  primarily  upon  the  purpose  for  which  it 
is  fed. 

(2)  Producers  in  general  must  realize  that  it  is  the  feeder  who 
makes  the  price  of  hay,  and  in  order  to  secure  the  most  profit  his 
demands  in  regard  to  quality  must  be  met  regardless  of  the  producer's 
opinion.  This  difference  of  opinion  may  be  illustrated  by  the  fact 
that  in  many  sections  timothy  cut  at  the  end  of  or  even  after  the 
blooming  period  is  preferred  for  feeding  on  the  farm,  while  the  city 
feeder  prefers  that  which  is  cut  nearer  the  beginning  of  the  blooming 
period,  and  will  pay  a  higher  price  for  this  kind. 
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(3)  Growing  hay  for  the  m.:rket  is  profitable  only  when  the  better 
grades  are  secured  and  when  the  loss  of  fertility  is  no  greater  than 
it  is  in  other  systems  of  farming,  such  as  live-stock  and  dairy 
farming. 

(4)  There  are  a  number  of  bad  practices  on  the  producer's  part 
that  not  only  lower  the  value  of  the  product  and  thus  lessen  his 
profits,  but  are  a  source  of  constant  trouble  in  the  disposal  of  the 
hay.  It  is  largely  on  account  of  such  practices  that  buyers  and  com- 
mission men  have  been  led  to  seriously  consider  the  problem  of  how 
to  prevent  low-grade  hay  from  going  to  market.  The  writers  in- 
vestigations indicate  that  at  present  three-fourths  of  the  low-grade 
market  hay  is  the  result  of  improper  practices,  such  as  allowing  the 
meadow  to  become  grassy  and  weedy,  cutting  too  late,  improper 
baling,  etc.,  on  the  part  of  the  producer,  and  is  not  caused  by  rain 
or  unfavorable  weather  alone,  as  is  generally  supposed. 

(5)  In  order  to  grow  timothy  hay  successfully  year  after  year,  the 
farmer  must  also  grow  some  legume  crop  in  the  rotation  for  either 
hay  or  pasture  or  as  a  green-manuring  crop,  which  aids  in  keeping 
up  the  crop-producing  power  of  the  land. 

Legume  hay  does  not  sell  w^ell  in  most  markets,  primarily  because 
horse  feeders  have  not  yet  learned  the  value  of  clover  or  alfalfa  hay. 
A  proper  understanding  of  the  value  of  these  hays  on  the  part  of 
the  feeders  would  be  an  enormous  benefit  to  the  whole  hay  industry. 

The  average  horse  feeder  is  too  liable  to  think  that  the  hay  which 
is  selling  for  the  highest  price  on  the  market  is  the  most  valuable  for 
all  feeding  purposes  under  all  conditions.  He  should  change  same 
of  his  beliefs,  especially  in  regard  to  some  of  the  kinds  of  ha}\ 

It  is  almost  impossible  to  place  a  definite  money  value  on  any  kind 
or  grade  of  hay  that  will  at  the  same  time  represent  its  true  value 
to  both  producer  and  feeder.  This  is  because  the  value  may  dei:)end 
on  several  things,  such  as  the  purpose  for  which  it  is  fed ;  the  place 
where  it  is  fed,  for  hay  fed  on  the  producer's  farm  has  a  different 
value  to  him  than  to  the  city  feeder;  the  price  of  the  more  concen- 
trated footstuffs;  and  the  size  of  the  total  crop  for  the  United  States. 

When  considering  the  profit  from  hay  growing  the  farmer  must 
consider  not  only  the  cost  of  production,  or  growing,  curing,  baling, 
and  marketing,  but  to  a  certain  extent  the  value  of  the  fertilizing 
elements  which  the  crop  removes  from  the  soil. 

The  feeder  should  value  any  kind  of  hay  according  to  the  amount 
of  digestible  nutrients  which  it  contains,  its  palatability,  and  its 
efficiency  in  keeping  the  horse  in  good  condition  and  enabling  it  to 
accomplish  the  desired  amount  of  work.  The  southern  feeder 
especially  should  understand  the  value  of  hay,  for  there  are  many 
kinds  and  grades  in  southern  markets. 
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SOTJTHEEN  HAY  TEADE. 

A  large  quantity  of  low-grade  hay  is  shipped  south  every  year. 
This  does  not  mean  that  the  southern  markets  do  not  handle  the 
better  grades  of  hay,  but  that  low-grade  hay  predominates.  At 
present  the  southern  hay  dealer  is  anxious  to  solve  the  following 
questions: 

(1)  Where  can  I  get  more  ''  choice  "  hay? 

The  trade  is  demanding  more  and  more  good  hay  each  year,  and 
although  feeders  are  willing  to  pay  a  premium  for  this  kind,  the 
dealer  is  unable  to  get  enough  to  supply  their  needs. 

(2)  What  is  the  relative  feeding  value  or  standing  of  the  different 
kinds  of  southern  hay  when  compared  with  timothy  hay? 

Definite  information  is  needed  on  this  subject,  because  many 
farmers  in  what  heretofore  has  not  been  a  hay-producing  section 
are  beginning  to  grow  hay.  especially  legume  hay.  They  find  that 
It  pays  to  grow^  legumes  for  the  beneficial  effect  that  this  class  of 
plants  has  on  the  soil  and  because  legumes  when  grown  for  hay  are 
profitable,  especially  when  sold  on  l(X*al  markets.  Timothy  and  red 
clover  have  not  proved  successful  in  the  cotton-growing  section  of  the 
South;  therefore  it  is  necessary  to  grow  other  kinds  of  hay  to  take 
the  place  of  these.  Cowpeas,  soy  beans,  IWrnnida  grass,  vetch,  and 
alfalfa  are  being  sown  on  increasing  areas  every  year.  The  South 
is  slowly  but  surely  going  into  the  hay  business.  It  would  seem 
that  the  time  will  come  when  competition  in  hay  growing  will  force 
northern  shippers  to  send  only  the  best  hay  to  the  South,  for  the  South 
has  certain  advantages  over  the  North  in  producing  hay,  namely, 
cheaper  land,  a  longer  growing  season,  and  nearness  to  market,  all  of 
which  tend  to  favor  the  southern  producer.  At  present  most  of  the 
tame  hay  is  grown  in  the  northeastern  part  of  the  United  States, 
and  onlv  a  small  amount  in  the  South  or  West. 

TAME  HAY  AREAS  OF  THE  TTNITED  STATES. 

According  to  the  last  census  report,  75  per  cent  of  the  tame  hay 
(not  including  alfalfa,  clover,  and  grain  cut  green  for  hay)  in  the 
United  States  is  produced  in  ten  States.  (See  fig.  1.)  For  all  prac- 
tical purposes,  the  "  other  tame  grasses  "  cut  for  hay  referred  to  in 
the  report  may  be  regarded  as  timothy,  especially  in  the  northeastern 
part  of  the  United  States. 

The  percentage  of  the  total  crop  that  each  State  produces  is  as  fol- 
lows: New  York,  14.3;  Iowa,  10.7;  Pennsylvania,  8.6;  Missouri,  7; 
Illinois,  7;  Ohio,  7;  Michigan,  6;  Wisconsin,  G;  Indiana,  4.4;  Minne- 
sota, 3.2. 

Three- fourths  of  the  clover  hay  (see  fig.  2)  was  grown  in  ten 
States,  the  percentages  being:  Indiana,  18.4;  Ohio,  12.1;  Missouri, 
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9.5;  Illinois,  8.4;  Pennsylvania,  6.5;  Wisconsin,  5.8;  Michigan,  5.1; 
Iowa,  4.5 ;  Kansas,  4.1 ;  Kentucky,  3. 

In  1900,  75  per  cent  of  the  alfalfa  was  grown  in  six  States,  as  fol- 
lows :  Colorado,  21.2 ;  California,  16 ;  Utah,  13.5 ;  Kansas,  11.5 ;  Idaho, 
8.1 ;  Nebraska,  5.2. 

In  1865  there  were  about  21,000,000  tons  of  hay  of  all  kinds  pro- 
duced ;  in  1905,  60,000,000  tons,  or  nearly  three  times  as  much.  This 
large  increase  in  amount  produced  is  due  almost  entirely  to  greater 
acreage  rather  than  to  increased  yield  per  acre. 


Ty^    "7T"""* — ^                "^       '^^^^ 

. . .  .  ^«*.ac *•*  'A  y  .sj^^'S   •  •  "Tj^  J 

^\^ 

v^ 

Fig.  1. — Map  of  the  United  States,  showing  the  production  of  hay  Irom  cultivated  and 
"  other  tame  grasses,"  as  reported  by  the  census  of  1900.  Each  dot  represents  100,000 
tons. 

INCEEASE  IN  YIELD  FEE  ACEE  OF  HAY  FEOM  1865  TO  1905. 

The  average  yield  of  hay  in  the. United  States  from  1865  to  1870 
was  1.28  tons  per  acre.  This  yield  was  exceeded  but  three  times 
during  the  forty  years  from  1865  to  1905.  The  average  yield  for 
the  third  five-year  period,  ending  with  1880,  was  1.29  tons;  that  of 
the  seventh  five-year  period  was  1.35  tons;  and  that  for  the  last 
five  years  was  1.47  tons  per  acre.  The  average  yield  for  the  last 
period  shows  an  increase  of  0.19  ton  over  that  for  the  first  period, 
and  an  increase  of  0.21  ton  over  the  average  yield  for  forty  years, 
which  is  1.26  tons  per  acre.    (See  fig.  3.) 

The  average  yield  per  acre  in  the  ten  leading  timothy-hay-pro- 
ducino:  States  for  fortv  vears  varies  but  little  from  that  for  the 
entire  United  States.  There  is  a  slight  diflFerence  during  the  first 
twenty-five  years,  when  the  yield  was  above  that  for  the  United 
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States.    The  yield  during  the  last  fifteen  years  was  nearly  the  same 
for  both. 

The  average  yield  for  the  ten  timothy  States  for  the  first  five-year 
period  was  1,42  tons  per  acre.     This  yield  was  only  equaled  once 


Fia.  'i. — OlBgram  abowlng  the  aTeragp  ;Ield  per  acn  (rf  h*7,  for  periods  ol  Bre  jnn. 
isnn  lo  IIH).-..  for  thp  Dnlted  Stalps  and  tor  the  m  leadlDS  tlmolhy-har-producloc 
States.     The  Jleht   llae  representa  the  Vnltrd  BtalM  as  ■  whole;   tbe  heaTj  Hot,  tbr 


during  the  entire  forty  yeai-s.  This  was  during  the  hist  period,  wtaa 
the  yield  amounted  to  1.46tonsperacre.  The  yield  for  the  last  pai»i 
shows  a  gain  of  OJM 
ton  over  the  yield  for 
the  firnt  pnnod,  a  gain 
of  O.Oti  ton  over  the 
average  for  forty  years 
for  these  States,  and  a 
gain  of  0.20  ton  over 
the  average  for  forty 
years  for  the  United 
States. 

After  forty  years  of 
hay  growing  the  yield 
per  acre  for  the  United 
States  is  just  a  little 
than  it  was  io 
1870.     There   are  per- 
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reiiiesents   the   United   States  as  a   whole;   the  heavy  the  rising  yield  dllrill£ 
line,   the  ten   leading  Stales,  °^  ^ 

the  last  ten  years  or 
this  period — first,  within  the  last  ten  years  better  farming  has  been 
practiced  than  during  the  ten  or  fifteen  years  previous;  second,  the 
alfalfa  area  has  been  greatly  increased  during  the  last  few  yeais. 
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Alfalfa  yields  considerably  more  per  acre  than  the  grasses  or  clovers, 
and  this  tends  to  raise  the  average  for  the  United  States. 

FEICE  OF  HAY  FOE  FOETY  YEAES. 

The  price  received  for  hay  is  the  governing  factor  in  determining 
the  profits  in  growing  hay.  As  shown  by  figure  4,  the  average  farm 
value  of  hay  per  ton  for  the  first  five-year  period  of  the  forty  years 
from  1865  to  1905  was  $10.61  for  the  United  States  and  $8.75  for 
the  ten  leading  timothy-hay-producing  States.  The  highest  five- 
year  period  for  both  groups  was  from  1870  to  1875.  These  prices 
have  not  been  equaled  since  that  time,  although  the  farm  value  since 
1900  is  higher  than  it  has  been  since  1885.  The  average  farm  value 
per  ton  for  the  forty  years  was  $9.30  for  the  United  States,  as 
compared  with  $8.58  for  the  ten  timothy  States. 

INCEEASINO  VALITE  OF  HAY  LANDS. 

There  is  no  doubt  that  during  the  forty  years  from  1865  to  1905 
farmers  have  made  money  when  growing  the  average  yield  of  nearly 
a  ton  and  a  half  and  selling  it  for  approximately  $9  a  ton,  but  within 
the  last  few  vears  another  factor  has  entered  which  has  greatlv 
changed  the  profits  on  hay  growing  for  the  market.  This  is  the 
increasing  value  of  hay  and  grain  land.  The  following  table *»  shows 
the  increase  in  value  of  such  land  in  some  of  the  States  in  the  north- 
eastern section  of  the  United  States. 

Table  1. — Average  real  estate  valve  per  acre  of  medium  farms  with  at  least 
two- fifths  of  income  derived  from  hay  and  grain,  1900  and  1905. 


state. 


New  York.... 
Pennsylvania 

Ohio 

Indiana 

Illinois 

Michigan 

Wiseonfdn 

Minnesota  ... 

Iowa 

Muviouri 

North  Dakota 
South  Dakota 
Nebraska  . . . . 
Kansas 


Value  in 

Value  In 

Increase  during 

1900. 

19a5. 

five  3 

ears. 

Percent. 

$40.29 

$44.38 

$4.09 

10.2 

40.24 

43.95 

3.71 

9.2 

4S.34 

58.34 

10.00 

20.7 

4.S.84 

57.67 

13.83 

81.5 

57.24 

78.89 

21.65 

37.8 

80.01 

86.39 

6.38 

21.3 

36.44 

47.19 

10.75 

29.5 

28.11 

35.04 

6.93 

24.7 

51.95 

66.10 

14.15 

27.2 

25.54 

36.09 

10.55 

41.3 

11.03 

18.82 

7.79 

70.6 

14.54 

24.00 

9.46 

65.1 

23.32 

36.68 

13.26 

66.9 

17.47 

27.53 

10.06 

67.6 

The  increase  in  value  per  acre  ranges  from  20  to  70  per  cent  for 
the  States  west  of  Pennsylvania.  The  increased  yield  per  acre  and 
price  per  ton  during  this  time  is  insignificant  when  compared  with 


<»BYom  Bureau  of  Statistics,  Bulletin  No.  43,  "Changes  in  Farm  Values. 
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the  large  increase  in  value  of  hay  land.  The  point  to  be  remembered 
is  this,  that  as  land  increases  in  value  the  yield  per  acre  must  be 
increased  in  like  proportion  in  order  to  realize  the  same  profit  on  the 
investment,  provided  the  price  per  ton  remains  the  same  or  nearly  so. 

FEBTHIZINO  ELEMENTS  IN  HAY. 

It  is  time  for  the  producer  to  figure  very  closely  on  the  cost  of 
production,  especially  for  the  different  kinds  of  hay.  Throughout 
the  East  and  South  commercial  fertilizers  are  being  used  in  large 
quantities,  and  this  practice  is  gradually  extending  westward  to  the 
great  Mississippi  Valley  States.  Every  crop  takes  certain  elements 
of  plant  food  from  the  soil.  It  has  been  found  that  ordinary  soil 
becomes  exhausted  first  of  its  supply  of  available  nitrogen,  phos- 
phorus, and  potassium.  It  is  these  three  elements  which  are  bought 
and  applied  in  the  form  of  commercial  fertilizers  in  order  to  get 
paying  crops.  The  producer,  whether  he  uses  commercial  fertilizers 
or  not,  should  know  that  when  hay  is  removed  from  the  farm  there 
is  a  loss  of  fertilizing  elements  which  are  of  value  to  him  but  not  to 
the  city  feeder. 

There  is  quite  a  difference  in  the  amount  of  plant  food  contained 
in  different  kinds  of  hay  plants.  For  example,  one  ton  of  timothy 
hay  contains,  on  an  average,  20  pounds  of  nitrogen,  10  pounds  of 
phosphorus,  and  28  pounds  of  potassium. 

If  bought  in  the  form  of  a  commercial  fertilizer,  nitrogen  is 
worth  20  cents  a  pound  and  the  other  two  elements  are  valued  at  5 
cents  each  per  pound.  On  this  basis  the  fertilizing  value  of  a  ton 
of  timothy  hay  will  amount  to  $5.90,  or  $6  in  round  numbers. 

One  ton  of  clover  hay  contains,  on  an  average,  40  pounds  of  nitro- 
gen, 8  pounds  of  phosphorus,  and  40  pounds  of  potassium,  which  • 
makes  its  fertilizing  value  amount  to  $10.40. 

According  to  these  figures  it  would  seem  that  there  is  less  loss  of 
plant  food  in  growing  timothy  than  when  clover  is  grown.  However, 
such  is  not  the  case,  for  clover  and  all  other  leguminous  plants  store 
up  nitrogen  in  the  soil.  This  class  of  plants  is  supplied  with  a  cer- 
tain kind  of  bacteria,  which  live  in  the  tubercles  on  their  roots. 
These  bacteria  have  the  power  of  taking  free  nitrogen  from  the  air 
and  making  it  available  as  food  for  the  growing  plant.  Much  of  the 
nitrogen  thus  secured  is  left  in  the  soil  by  the  decay  of  the  tubercles, 
roots,  stems,  and  fallen  leaves  of  the  legiunes,  to  the  great  benefit  of 
succeeding  crops. 

WTien  a  ton  of  clover  is  removed  from  the  soil,  from  one-fourth 
to  three-fourths  as  much  nitrogen  is  left  in  the  roots  and  crowns  and 
in  the  fallen  leaves  and  stems  left  on  the  ground  as  is  removed  in  the 
hay.    As  a  greater  part  of  this  nitrogen  came  from  the  air,  it  is  per- 
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fectly  fair  and  proper  when  considering  the  loss  of  plant  food  in 
growing  a  crop  of  clover  to  disregard  or  deduct  it  from  the  total 
fertilizing  value  of  the  hay. 

A\Tien  comparing  the  loss  of  fertilizing  elements  of  clover  and 
timothy,  there  is  a  difference  of  about  $3  a  ton  in  favor  of  clover  hay. 
Just  how  much  of  this  amount  should  be  charged  to  the  hay  when 
considering  the  profit  from  selling  hay  can  not  be  stated  definitely, 
for  the  kind  of  soil,  system  of  rotation  used,  and  type  of  farming 
play  important  parts  in  keeping  up  the  crop-producing  power  of 
the  soil. 

Timothy  is  often  said  to  be  "  hard  "  on  the  soil.  This  is  because 
neither  timothy  nor  any  other  grass  can  add  any  plant  food  to  the 
soil  in  the  manner  that  the  legumes  do,  but  must  get  all  of  its  food 
from  the  soil ;  and  it  is  therefore  much  more  exhaustive  of  the  avail- 
able plant  food  in  the  soil  than  clover. 

NEED  OF  SUITABLE  EOTATIONS  FOE  HAY  LANDS. 

When  crops  are  sold  from  the  farm  year  after  year  and  no  attempt 
is  made  toward  a  systematic  rotation,  and  especially  where  legumes 
are  not  grown,  the  land  in  the  course  of  time  will  become  low  in 
available  plant  food  and  the  yield  will  be  greatly  lessened.  In  fact, 
on  many  farms  the  soil  has  been  so  depleted  of  its  fertility  that  farm- 
ing is  not  a  paying  proposition.  It  has  been  found  that  when  land 
begins  to  lose  its  crop-producing  power  the  loss  of  fertility  may  be 
retarded  by  a  proper  rotation  of  crops  in  which  legumes,  such  as 
clover,  alfalfa,  cowpeas,  and  soy  beans,  are  grown. 

Many  farmers  who  in  the  past  have  grown  nothing  but  timothy 
hay  for  the  market  are  now  commencing  to  grow  clover  in  order  to 
help  build  up  their  land.  This  is  why  under  certain  conditions 
farmers  grow  kinds  of  hay  which  at  present  are  not  in  greatest  de- 
mand in  the  market.  This  year  there  is  more  straight  clover  and 
clover-mixed  hay  sent  to  the  market  than  usual,  and  dealers  some- 
times have  difficulty  in  getting  enough  timothy  hay  to  supply  their 
trade.  It  would  seem  from  our  observations  that  there  is  less  timothy 
hay  and  more  clover  being  grown  each  year,  and  the  reasons  just 
given  show  why  the  timothy  area  is  decreasing. 

Even  though  the  greatest  demand  is  for  timothy,  the  average  feeder 
will  not  suffer  in  any  way  if  he  is  not  able  to  get  it,  because  there  are 
other  kinds  of  hay  that  will  not  only  take  the  place  of  timothy  but 
prove  a  better  and  more  economical  feed.  Under  ordinary  condi- 
tions the  shipper  a"nd  the  receiver  make  just  as  much  money  by 
handling  one  kind  of  hay  as  another,  so  that  it  is  really  better  for 
all  concerned  if  there  is  a  smaller  quantity  of  timothy  hay  produced 
than  formerly.     It  is  necessary,  however,  for  the  feeder  to  under- 
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stand  the  feeding  value  of  the  different  kinds  of  hay  before  there 
can  be  any  great  change  in  the  demand  for  these  other  kinds,  for  it 
is  the  feeder  who  makes  the  price  of  hay  in  the  market.  In  order  to 
feed  intelligently  it  is  necessary  to  consider  the  functions  of  the 
nutritive  substances. 

NUTRITIVE  SUBSTANCES  IN  HAY. 

The  nutritive  substances  in  hay  or  feed  may  be  divided  into  two 
classes — flesh  formers  and  fuel  or  energy  producing  substances. 
When  the  proper  amount  of  these  two  classes  of  substances  is  fed 
the  ration  is  said  to  be  balanced.  If  an  unbalanced  ration  is  fed,  as 
one  containing  more  fuel  or  energy  producing  substances  than  -are 
needed  and  less  flesh-forming  material,  the  ration  is  partially  wasted, 
and  such  unwise  feeding  will  not  bring  as  good  results  as  the  feed- 
ing of  the  same  amount  of  a  balanced  ration.  Each  class  of  sub- 
stances has  different  offices  to  perform  in  the  body.  If  not  enough 
flesh-forming  substance  is  fed,  the  body  suffers,  because  it  is  abso- 
lutely necessary  to  keep  the  body  in  good  condition.  Thousands 
of  horses  are  fed  all  they  can  eat,  yet  are  poorly  nourished  because 
the  food  contains  little  except  fuel  substances. 

The  flesh-forming  substances  are  used  to  replace  the  waste  that 
goes  on  in  all  living  tissue.  Energy-producing  substances  are  used 
to  furnish  the  energy  required  for  the  nervous  and  muscular  activ- 
ities of  the  body,  and  when  fed  in  excess  they  may  to  a  certain  extent 
be  stored  up  in  the  form  of  fat  for  use  later,  when  needed  for  either 
energy  or  heat. 

One  of  the  most  important  substances  in  any  foodstuff  is  protein. 
All  nutritive  substances  which  contain  nitrogen  are  classed  under 
the  general  term  of  protein.  Protein  is  composed  of  nitrogen,  car- 
bon, hydrogen,  oxygen,  sulphur,  and  phosphorus.  Protein  is  the 
substance  which  builds  up  the  body.  The  muscles,  tendons,  liga- 
ments, connective  tissues,  skin,  hair,  hoofs,  part  of  the  bone,  and  in 
fact  every  part  of  the  body  but  fat  are  made  up  of  protein,  togethw 
with  mineral  matter  and  water. 

The  next  important  class  of  substances  is  the  carbohydrates,  which 
contain  carbon,  hydrogen,  and  oxygen,  but  no  nitrogen,  sulphur,  or 
phosphorus;  they  include  starch,  sugars,  etc.  These  are  used  for 
practically  the  same  purpose  for  which  coal  or  wood  is  used  in  the 
steam  engine,  namely,  to  furnish  energy  and  heat. 

The  third  important  constituent  of  hay  is  its  oils.  Small  quanti- 
ties of  oil  are  present  in  all  kinds  of  hay.  These  oils  serve  the  same 
purpose  as  the  carbohydrates.  A  pound  of  these,  however,  will  fur- 
nish two  and  one-fourth  times  as  much  energy  or  heat  as  the  same 
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quantity  of  carbohydrates.  It  can  readily  be  seen,  when  the  chemical 
analysis  of  hay  is  considered,  why  the  price  of  the  different  grades 
or  kinds  of  hay  should  depend,  first,  upon  the  amount  of  digestible 
nutrients  contained,  and,  second,  upon  the  purpose  for  which  the 
hay  is  fed.  If  the  concentrated  feed — i.  e.,  the  grain  in  the  ration — 
lacks  protein,  then  the  hay  that  is  high  in  this  substance  is  more  valu- 
able than  one  which  contains  little  but  carbohydrates,  and  vice  versa. 
There  is  quite  a  range  in  the  amount  of  the  different  classes  of 
nutrients  in  the  various  kinds  of  hay.     (See  fig.  5.) 

On  an  average,  in  100  pounds  of  alfalfa  hay  the  digestible  protein 
amounts  to  10.58  pounds;  in  cowpea  hay,  10.79  pounds;  in  alsike 
clover  hay,  8.15  pounds;  in  red  clover  hay,  7.38  pounds;  in  redtop 
hay,  4.80  pounds;  and 
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carbohydrates  it  stands  next  to  redtop,  which  heads  the  list.  If  the 
total  nutrients  are  considered  there  are  a  number  of  different  kinds 
of  hay  which  are  equal,  if  not  superior,  to  timothy  hay  for  feeding 
purposes.  If  cut  at  the  right  time  and  properly  cured,  Johnson  grass 
and  Bermuda  grass  hay  are  about  equal  to  timothy  in  amount  of 
nutriment  contained. 

PALATABILITY  OF  HAY. 

There  is  another  factor  which  is  very  important  in  determining  the 
feeding  value  of  hay;  this  is  palatability.  A  hay  may  be  high  in 
nutrients,  but  if  it  lacks  palatability  it  is  not  as  valuable  a  feed  as  a 
hay  that  is  poorer  in  nutrients  but  is  very  palatable.  Timothy  is  a 
very  palatable  hay,  and  this  is  one  of  the  chief  reasons  why  it  is 

362 


18  MARKET   HAY. 

standard  in  most  markets.  In  addition  to  this,  a  horse  can  be  fed  a 
large  quantity  of  it  and  will  suffer  no  ill  effects  if  given  a  hard  drive 
immediately  after  having  eaten  the  hay. 

Palatability  may  depend  largely  on  the  time  the  hay  is  cut  and  cm 
the  method  of  curing.  Redtop  may  be  cited  as  an  example.  It  is 
quite  generally  true  that  in  most  markets  feeders  discriminate  severely 
against  redtop  whenever  it  is  found  mixed  in  with  any  other  kind  of 
hay.  They  claim  that  redtop  has  no  feeding  value  and  that  horses 
will  not  eat  it.  The  point  that  the  feeder  overlooks  is  that  when 
redtop  is  cut  too  late  it  has  a  bitter  taste,  is  not  palatable,  and  horses 
do  not  relish  it,  but  if  cut  early  it  has  a  sweet  taste,  is  very  palatable, 
and  is  more  nutritious  than  timothy  hay.  When  buying  timothy  that 
contains  redtop,  feeders  should  examine  it  carefully  in  order  to  see 
if  the  redtop  was  cut  early  and  properly  cured.  If  it  is  properly  cut 
and  cured  it  does  not  lower  the  quality  or  feeding  value  of  the  tim- 
othy, but  if  found  to  have  been  cut  late  jthen  the  bid  should  be  low- 
ered accordingly.  It  is  very  seldom  that  redtop  is  cut  at  the  proper 
time,  and  it  is  safe  to  say  that  perhaps  not  over  one-half  of  the  crop 
is  cut  early  enough. 

Again,  there  are  kinds  of  hay  that  when  first  fed  appear  to  lack 
palatability,  but  after  the  horse  has  acquired  a  taste  for  the  hay  he 
does  very  well  on  it.  On  the  other  hand,  some  kinds  are  eaten  greed- 
ily when  fed  for  the  first  time.  Alfalfa  is  a  hay  that  is  usually  very 
palatable  when  first  fed.  In  fact,  for  horses  palatability  may  be 
an  objection  in  some  cases.  Many  horse  feeders  have  tried  alfalfa 
and  are  of  the  opinion  that  it  is  of  no  value  for  horses. 

Upon  careful  inquiry  it  has  been  found  that  in  a  large  percentage 
of  the  cases  where  serious  results  were  experienced  from  feeding 
alfalfa  it  was  on  account  of  ignorance  as  to  the  nutritive  value  of  the 
hay.  Unwise  use,  such  as  feeding  in  too  large  quantities,  has  led 
many  to  become  prejudiced  against  it.  If  alfalfa  hay  is  properly 
fed  it  will  be  found  one  of  the  most  valuable  feeds,  especially  for 
heavy  draft  horses. 

DIGESTIBIIITT  OF  HAY. 

The  digestibility  of  the  nutrients  in  hay  is  another  factor  that  is 
important  in  determining  its  value.  If  only  a  small  part  of  the 
nutrients  is  digestible,  or  if  a  part  has  been  lost  by  faulty  methods  of 
haymaking,  then  the  feeding  value  is  lowered  correspondingly.  The 
digestibility  may  be  lowered  and  the  total  amount  of  nutrients  less- 
ened by  improper  curing  and  handling  of  the  hay. 

Plants  like  clover  and  alfalfa  which  have  a  large  amount  of  nu- 
tritious leaves  often  lose  a  considerable  portion  of  them  on  account 
of  poor  methods  of  curing.    Alfalfa  hay  cured  under  ordinary  condi- 
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tions  will  lose  from  15  to  20  per  cent  of  its  leaves.  The  loss  may 
amount  to  from  50  to  60  per  cent.  Alfalfa  hay  which  has  lost  the 
greater  part  of  its  leaves  and  consists  mostly  of  stems  is  often  found 
in  the  market;  consequently,  it  is  only  about  half  as  valuable  for 
feeding  purposes  as  when  the  greater  percentage  of  the  leaves  is  saved. 

The  Colorado  Agricultural  Experiment  Station  found  that  when 
alfalfa  hay  was  exposed  in  the  field  for  fifteen  days,  durmg  which 
time  it  was  subjected  to  three  rains,  amounting  to  1.76  inches,  the 
damaged  hay  contained  but  11  per  cent  of  protein,  as  compared  with 
18.7  per  cent  originally. 

In  an  experiment  ^  to  determine  the  loss  due  to  rain,  part  of  a  field 
of  grass  hay  was  left  in  the  cock  and  part  in  the.  swath  during  a  rainy 
spell  of  eighteen  days'  duration.  At  the  end  of  this  time  the  hay  in 
the  swath  lost  38.8  per  cent  of  its  digestible  protein,  while  that  in  the 
cock  lost  only  19.8  per  cent.  The  total  nutrients  lost  in  the  swath 
were  twice  as  great  as  those  lost  in  the  cock.  This  experiment  shows 
that  the  value  of  hay  cured  during  unfavorable  weather  depends  a 
great  deal  upon  the  manner  or  system  used  in  curing  hay.  Such 
things  as  these  are  of  the  utmost  importance  to  the  feeder.  So  far  as 
it  is  possible  to  determine  from  an  examination  of  the  hay,  the  price 
paid  should  depend  on  its  value  for  feeding  purposes.  If  this  were 
so  it  would  stimulate  the  producer  to  make  every  effort  to  cure  his  hay 
so  as  to  get  the  best  quality.  If  he  received  more  for  the  better  grades 
it  would  tend  to  discourage  the  production  of  low-grade  hay. 

AEOHA  OF  HAY. 

Although  there  is  no  way  of  determining  aroma,  this  quality  of 
hay  adds  greatly  to  its  feeding  value,  or  rather  its  palatability.  The 
writer  knows  one  hay  grower  who  has  made  quite  a  reputation  on 
account  of  the  aroma  of  his  hay,  and  for  this  reason  it  outsells  that 
of  his  neighbors  every  year.  There  is  a  good  reason  why  hay  should 
not  lie  too  long  in  the  swath.  When  hay  lies  too  long  in  the  sunlight 
the  bleaching  which  takes  place  indicates  that  chemical  changes  are 
going  on,  and  these  are  not  of  advantage  to  the  hay.  Hay  that  is 
cured  with  the  least  possible  exposure  to  the  sun  and  to  dew  and  rain 
will  have  the  best  aroma. 

GRASSY  AND  WEEDY  HAY. 

One  of  the  greatest  causes  of  low-grade  hay  is  the  presence  therein 
of  fine  grasses  and  weeds  of  various  kinds.  The  rule  for  determining 
choice  hay  is  that  it  must  not  contain  over  5  per  cent  of  other  tame 
and  cultivated  grasses  properly  cured,  should  have  a  bright  natural 

«  Landwirtschaftliclies  Wochenblatt  ftlr  Schleswig-Uolstein,  1891,  pp.  569-571. 
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When  milk  is  passed  through  a  centrifugal  separator  much  of  the 
solid  impurities  remains  in  the  separator  slime.  A  mixture  of  the 
skim  milk  thus  purified  and  the  cream  which  was  separated  from  it 
is  often  referred  to  as  "  clarified  milk." 

CASE  OF  miiE  nr  tee  home. 

No  matter  how  well  milk  has  been  handled  up  to  the  time  it  is  de- 
livered to  the  consumer,  it  can  not  be  expected  to  keep  well  if  it  is 
carelessly  treated  thereafter.  It  should  be  poured  into  pitcher,  pan, 
or  other  vessel — freshly  scalded  to  remove  any  bacteria  or  mold 
spores — and  kept  in  a  cool,  clean  place  free  from  dirt,  flies,  etc.  New 
milk  should  never  be  mixed  with  old  unless  it  is  to  be  used  at  once,  as 
the  bacteria  in  the  old  milk  will  of  course  be  added  also  and  the  mixed 
milk  will  not  keep  as  well  as  the  fresh  milk  alone.  Bacteria  are  thick- 
est where  there  is  dirt  and  decay,  and  milk  should  therefore  be  stored 
only  in  clean,  sweet  places.  It  is  safer  to  keep  it  covered,  to  exclude 
not  only  dirt  and  bacteria  but  also  the  flavors  and  odors  which  it  so 
easily  absorbs.  If  kept  at  a  temperature  of  50^  F.  or  less,  good  milk 
should  remain  sweet  for  twelve  hours,  at  least,  after  it  reaches  the 
consumer,  and  ordinarily  for  twenty- four  hours  or  more.  Sometimes 
in  very  hot  weather  housekeepers  complain  that  in  spite  of  all  pre- 
cautions it  sours  quickly,  even  in  the  ice  box.  This  is  often  due  to  the 
fact  that  the  air  of  the  ice  box,  although  it  seems  cold  in  contrast  with 
the  heat  outside,  is  really  not  cold  enough  to  check  the  growth  of  the 
bacteria ;  if  a  thermometer  placed  inside  registers  more  than  50°  F.  the 
fault  is  almost  surely  in  the  temperature  of  the  ice  box  and  not  in  the 
milk. 

In  large  cities,  where  most  of  the  milk  comes  by  morning  trains 
from  a  considerable  distance,  it  is  often  impossible  to  deliver  fresh 
morning's  milk  in  time  for  breakfast,  and  that  milked  the  morning 
before  must  be  given  to  patrons  who  insist  on  an  early  delivery. 
They  would  get  their  milk  from  twelve  to  eighteen  hours  fresher  if 
they  would  take  it  in  the  afternoon  instead. 

DIOESTXBIIITY  OF  WnX. 

The  amount  of  nourishment  which  any  kind  of  food  furnishes  to 
the  body  depends,  in  the  first  place,  on  the  food  ingredients,  the  pro- 
tein, fats,  and  carbohydrates  and  mineral  matters  which  it  contains, 
and  in  this  respect  milk  is  a  well-balanced,  nutritious  food.  But 
there  is  another  consideration  which  is  brought  out  by  the  much- 
quoted  phrase,  "  We  live  not  upon  what  we  eat  but  upon  what  we 
digest."  The  nutritive  value  of  food  depends  not  only  upon  the  ma- 
terials it  contains  but  also  upon  the  amounts  of  those  nutrients  whidi 
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the  body  can  actually  utilize — upon  its  digestibility.  As  commonly 
used,  the  word  digestibility  refers  mainly  to  the  ease  and  comfort  of 
digestion.  This  is  an  important  consideration,  but  does  not  tell  the 
-whole  story.  As  here  used  the  words  digestible  and  digestibility 
refer  to  the  amount  or  proportions  of  the  nutritive  ingredients  of  a 
food  material  which  may  by  the  average  healthy  digestive  organs  be 
made  available  for  the  uses  of  the  body.  Whether  milk  is  to  be 
classed  as  a  digestible  or  indigestible  food  will  therefore  depend  upon 
the  proportions  of  protein,  fats,  carbohydrates,  and  mineral  matters 
-which  the  digestive  organs  of  the  average  ncwmal  person  are  found  to 
transform  into  material  available  for  the  use  of  the  body. 

PROCESS  OF  DiaBsnoN. 

Xo  one  element  of  the  various  digestive  juices  which  act  upon  the 
food  as  it  passes  through  the  alimentary  canal  acts  upon  all  classes  of 
nutrients.  All  are  digested  separately,  though  sometimes  simulta- 
neously. Since  milk  contains  considerable  quantities  of  each  class  of 
nutrients,  its  digestion  will  be  better  understood  if  we  follow  the 
changes  in  each  nutrient  separately. 

The  protein  compounds  of  milk  are  usually  considered  to  give  the 
most  trouble  in  its  digestion,  and  this  is  mainly  due  to  the  casein. 
Milk  is  commonly  classed  as  a  liquid  food,  but  this  is  true  only  out- 
side of  the  body;  as  soon  as  it  reaches  the  stomach  the  rennin  of 
the  gastric  juice  precipitates  the  casein  into  a  curd  from  which  the 
other  ingredients  are  separated,  much  as  the  whey  separates  from 
the  curd  in  cheese  making.  Sometimes  the  curd  tends  to  become 
tough  and  leathery  and  consequently  difficult  for  the  digestive  juices 
to  work  upon.  This  is  especially  marked  when  for  any  reason  there 
is  considerable  calcium  phosphate  present,  and  may  be  partially 
prevented  by  adding  limewater  to  the  milk.  The  acid  and  the  pepsin 
of  the  gastric  juice  together  work  upon  the  curd  and  render  a  small 
part  of  it  more  soluble,  but  the  bulk  of  the  casein  is  digested  in  the 
smaU  intestine  by  the  trypsin  of  the  pancreatic  juice.  Experiments  • 
have  shown  that  casein  which  has  not  been  curdled  by  rennin  is  more 
completely  digested  by  trypsin  than  the  curdled.  Apparently,  then, 
the  formation  of  the  curd,  especially  when  tough  and  leathery,  means 
extra  work  for  the  digestive  organs. 

The  albumin  of  the  milk  is  for  the  most  part  easily  digested  by 
either  the  pepsin  or  the  trypsin. 

The  digestion  of  fats  depends  mainly  upon  getting  the  globules 
into  such  fine  size  that  they  may  be  easily  passed  through  the  walls 
of  the  intestines.    Separating  the  fat  into  such  tiny  globules  is  called 
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If  hay  sells  on  grade  in  the  country  the  man  who  has  the  poorest 
hay  will  receive  less  than  he  does  now.  At  present  the  man  who  has 
choice  hay  receives  less  than  it  is  worth  on  the  market,  and  part  of 
the  profit  which  the  shipper  makes  on  the  good  hay  mu>it  go  to  make 
up  lor  the  loss  on  the  poor  hay.  With  the  present  system  of  buying 
hay  there  is  not  enough  difference  in  the  price  paid  for  the  better 
grades  in  the  country ;  therefore,  if  the  man  who  has  No.  2  hay  re- 
ceives within  50  or  75  cents  as  much  as  does  his  neighbor  who  lias 
choice  hay,  he  is  satisfied  and  thinks  that  it  is  not  necessary  to  take 
the  precautions  that  his  neighbor  did  in  order  to  get  a  slight  advance 
in  price. 


IS  graEses  and  weeds.     It  Is  Impoa- 
leadow  like  UiU. 

A  firm  in  Illinois  buys  hay  somewhat  accenting  to  its  grade.  It 
buys  a  prreat  deal  of  new  hay  as  soon  as  it  is  in  good  condition  to 
bale,  and  has  a  sort  of  sliding  scale,  paying  the  highest  price  for 
the  hay  that  is  cut  early  and  properly  cured.  The  price  is  lowered 
for  that  which  was  cut  as  it  approached  maturity,  depending  on 
the  number  of  days  the  grass  stood  after  the  proper  time  for  cut- 
ting. The  farmers  like  this  way  of  selling  their  hay,  and  make  spe- 
cial efforts  to  cut  it  in  time  to  secure  the  extra  profit  which  the  higher 
price  paid  at  the  beginning  allows  them.  This  way  of  selling  is 
successful  because  farmers  have  learned  the  grades  of  hay  and  Jmow 
that  they  must  have  choice  hay  in  order  to  secure  top  prices. 
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The  causes  for  hay  being  graded  low,  such  as  its  being  cut  too  late, 
the  presence  of  weeds  and  fine  grasses,  and  improper  methods  of 
curing  and  baling,  can  easily  be  remedied.  When  intelligent  farm- 
ers produce  low-grade  hay  it  is  not  on  account  of  the  reasons  just 
stated,  but  because  of  rains  during  the  haying  season.  The  ordinary 
methods  of  curing  hay  in  wet  weather  usually  result  in  a  product 
that  has  but  little  feeding  or  market  value.  There  are  methods  of 
curing  hay  in  wet  weather  by  which  a  fair  grade  can  be  obtained, 
and  its  increased  value  will  more  than  pay  for  the  extra  labor  in- 
volved. The  subject  of  curing  is  a  large  one  and  details  of  methods 
can  not  be  given  in  this  paper. 

VALUE  OF  LOW-GEADE  HAY. 

As  long  as  the  present  system  of  buying  is  in  vogue,  just  so  long 
will  the  problem  of  how  to  dispose  of  low-grade  hay  remain  un- 
solved. Therefore,  the  first  thing  to  do  to  keep  low-grade  hay  from 
going  to  market  is  to  make  a  readjustment  of  the  price  paid  for  it 
in  the  country,  so  that  the  different  grades  will  correspond  more 
nearly  with  those  for  which  the  hay  is  sold  in  the  city.  If  this 
system  is  adopted  it  will  aid  materially  in  decreasing  the  production 
of  low-grade  hay.  If  the  poor  hay  does  not  go  to  market  then  the 
question  arises.  What  shall  be  done  with  this  kind  of  hay?  Low- 
grade  hay  is  much  more  valuable  to  the  producer  than  to  anyone 
else  if  he  will  feed  it  on  his  farm.  This  is  true,  first,  because  he 
will  save  the  cost  of  baling  and  hauling,  and,  second,  because  a  ton 
of  timothy  hay  contains  fertilizing  elements  to  the  value  of  about  $G. 
If  fed  and  the  manure  is  well  taken  care  of  and  returned  to  the 
soil  at  least  one-half  of  the  fertilizing  elements  will  become  avail- 
able for  the  succeeding  crops. 

Low-grade  hay  makes  a  fair  roughage  for  idle  work  stock  and 
other  stock  that  are  being  "  roughed  "  through  the  winter.  After 
getting  considerable  out  of  the  hay  by  feeding,  there  is  still  about  $3 
worth  of  plant  food  to  return  to  the  soil.  As  a  general  thing,  sell- 
ing crops  from  the  farm  does  not  represent  the  highest  type  of 
farming,  and  it  is  only  under  certain  conditions  that  it  is  profitable 
without  lowering  or  seriously  affecting  the  productivity  of  the  land. 

GSADES  OF  HAY  ADOPTED  BY  THE  NATIONAL  HAY  ASSOCIATION. 

In  order  that  the  farmer  may  know  definitely  what  are  the  differ- 
ent grades  of  hay,  the  rules  of  the  National  Hay  Association,  which 
have  been  generally  adopted  in  the  United  States,  are  quoted 
herewith. 

Choice  timothy  hay. — ShaU  be  timothy  not  mixed  with  over  one-twentieth 
other  grasses,  projierly  cured,  bright  natural  color,  sound,  and  well  baled. 
362 
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Ho,  1  timothy  hay, — Shall  be  timothy  with  not  more  than  one-eighth  mixed 
with  clover  or  other  tame  grasses,  properly  cured,  good  color,  sound,  and  well 
baled. 

yo.  2  timothy  hay. — Shall  be  timothy  not  good  enoogh  for  No.  1,  not  over  one- 
fonrth  mixed  with  clover  or  other  tame  grasses,  fair  color,  somid,  and  well 
baled. 

yo.  S  timothy  hay, — Shall  include  all  hay  not  good  enough  for  other  ^rrades, 
somid,  and  well  baled. 

No-ifrade  hay, — Shall  include  all  hay  badly  cnred,  stained,  thrashed,  or  in 
any  way  nnsomid. 

Light  clover  mixed  hay. — Shall  be  timothy  mixed  with  clover,  the  clover  mix- 
tare  not  over  one-fourth,  properly  cured,  sound,  good  color,  and  well  baled. 

No,  1  clover  mixed  hay. — Shall  be  timothy  and  clover  mixed,  with  at  least 
one-half  timothy,  good  color,  sound,  and  well  baled. 

lUo.  2  clover  mixed  hay, — Shall  be  timothy  and  clover  mixed,  with  at  least 
one-third  timothy,  reasonably  sound  and  well  baled. 

No.  1  clover  hay, — Shall  be  medium  clover  not  over  one-twentieth  other 
grasses,  properly  cured,  sound,  and  well  baled. 

No,  2  clover  hay. — Shall  be  clover,  sound,  well  baled,  not  good  enough  for 
No.  L 

Choice  prairie  hay. — Shall  be  upland  hay,  of  bright  natural  color,  well  cured, 
sweet,  sound,  and  may  contain  3  i)er  cent  of  weeds. 

No.  1  prairie  hay. — Shall  be  upland,  and  may  contain  one-quarter  midland, 
both  of  good  color,  well  cured,  sweet,  sound,  and  may  contain  8  per  ceaat  of 
weeds. 

No.  2  prairie  hay. — Shall  be  upland  of  fair  color,  and  may  contain  one-half 
midland,  both  of  good  color,  well  cured,  sweet,  sound,  and  may  contain  12J  per 
cent  of  weeds. 

No.  3  prairie  hay, — Shall  include  hay  not  good  enough  for  other  grades  and 
not  caked. 

No.  1  midland  hay. — Shall  be  hay  of  good  color,  well  cured,  sweet,  sound,  and 
may  contain  3  per  cent  of  weeda 

No.  2  midland  hay. — Shall  be  fair  color  or  slough  hay  of  good  color  and  may 
contain  12i  per  cent  of  weeds. 

Packing  hay. — Shall  include  all  wild  hay  not  good  enough  for  other  grades 
and  not  caked. 

No-grade  prairie  hay. — Shall  include  all  hay  not  good  enough  for  other  grades. 

Choice  alfalfa. — Shall  be  reasonably  fine,  leafy  alfalfa  of  bright  green  color, 
properly  cured,  sound,  sweet,  and  well  baled. 

No.  1  alfalfa. — Shall  be  coarse  alfalfa  or  natural  color  or  reasonably  fine, 
leafy  alfalfa  of  good  color,  and  may  contain  5  per  cent  of  foreign  grasses, 
must  be  well  baled,  sound,  and  sweet. 

No.  2  alfalfa. — Shall  Include  alfalfa  somewhat  bleached,  but  of  fair  color, 
reasonably  leafy,  not  more  than  one-eighth  foreign  grasses,  sound,  and  well 
baled. 

No.  3  alfalfa. — Shall  include  bleached  alfalfa  or  alfalfa  mixed  with  not  to 
exceed  one-fourth  foreign  grasses,  but  when  mixed  must  be  of  fair  color,  sound, 
and  well  baled. 

No-grade  alfalfa. — Shall  include  all  alfalfa  not  good  enough  for  other  grades, 
caked,  musty,  greasy,  or  thrashed. 

In  years  when  the  total  crop  of  the  United  States  is  an  average  one 
there  is  not  much  profit  per  ton  to  the  producer  on  low-grade  hay, 
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and  it  is  only  Tvhen  there  is  &  scarcity  that  he  can  dispose  of  it  advan- 
tageously. He  should  get  every  cent  his  good  hay  is  worth  and  not 
have  to  help  even  up  the  price  which  is  paid  for  the  poor  hay  that 
others  in  his  vicinity  grow.  The  only  way  he  can  realize  the  most 
from  his  crop  is  to  know  its  kind  or  grade;  so  that  he  can  seU  it 
intelligently, 

LOSS  CAirSED  BT  STACEDTQ  HAT. 

The  feeding  value  of  hay  is  often  lowered  when  it  is  stacked  out  in 
the  open.     (See  fig.  7.)     Considerable  hay,  is  often  entirely  spoiled 


so  that  it  is  unfit  for  feeding.  The  amount  of  spoiled  and  damaged 
hay  depends  upon  the  time  the  stack  stands  and  upon  the  method  of 
stacking.  In  Virginia  a  6  to  8  ton  stack  of  timothy  hay,  after  it  lias 
gone  through  the  sweat,  or  in  three  or  four  weeks,  will  have  from 
300  to  600  pounds  of  damaged  hay.  Most  of  this  will  be  on  the  top 
and  only  a  small  portion  on  the  sides  and  the  bottom. 

The  market  value  of  hay  is  frequently  lowered  because  this  stained 
hay  is  worked  into  the  bales.  It  may  happen  that  the  spoiled  hay 
will  be  no  more  than  a  couple  of  handfuls,  which  amount  is  really 
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tendency  to  rise  to  the  surface  as  do  the  fat  globules  of  ordinary  size. 
This  change  in  the  fat  globules  is  usually  accomplished  by  forcing 
the  milk  throu^  capillary  tubes  and  against  a  resisting  surface. 
The  force  of  impact  causes  the  breaking  up  of  the  globules  and  thus 
makes  a  more  perfect  emulsion  of  the  milk. 

SPECIAL  INFANT  FOODS. 

There  are  numerous  patent  infant  and  invalid  foods  on  the  market, 
some  of  which  contain  cow's  milk  as  a  basis  combined  with  varying 
amounts  of  carbohydrates  or  other  constituents,  and  others  which 
seem  to  be  made  of  farinaceous  materials  without  milk.  In  some 
cases  the  carbohydrates  have  apparently  been  malted  before  being 
combined  with  milk  or  else  malt  extract  is  added  during  the  process 
of  manufacture. 

The  percentage  composition  of  the  two  tyx>es  of  infant  foods  is 
shown  in  the  table  on  page  9.  The  chart  on  page  ST  shows  in 
graphic  form  how  commercial  infant  food,  such  as  is  sold  in  dry 
form,  in  bottles,  or  in  cans,  and  is  made  of  milk  and  starch,  compares 
with  some  other  milk  products.  It  is  also  interesting  to  compare 
this  product  with  the  data  showing  the  composition  of  whole  milk, 
skim  milk,  etc.,  included  in  Chart  II,  p.  30. 

Experience  has  shown  that  these  special  milk  foods  (when  they 
really  contain  the  nutrients  of  milk)  are  useful  and  valuable  for 
infants  where  it  is  necessary  to  resort  to  scmie  method  of  artificial 
feeding,  but  every  one  recognizes  that  where  jx^ssible  mothCT*s  milk 
is  the  best  food  for  the  young  child.  Too  much  credence  should  not 
be  given  to  the  extravagant  claims  made  for  some  brands  of  infant 
foods.  The  safest  course  is  undoubtedly  to  follow  the  advice  of  a 
competent  physician  in  selecting  the  substitute  for  natural  feeding. 
It  is  often  wiser  to  use  modified  cow's  milk  in  preference  to  these 
commercial  foods,  and  it  can  be  easily  prepared  at  home  under  a 
physician's  directions.  There  are  also  milk  laboratories  in  many  of 
our  large  cities  and  towns  where  modified  milk  of  all  sorts  can  be 
procured  on  prescription. 

All  babies  fed  on  raw  cow's  milk  are  in  more  or  less  danger  from  the 
undesirable  bacteria  which  it  may  contain  and  which  cause  diarrhea 
and  other  serious  infant  disorders.  The  question  of  pasteurizing  and 
sterilizing  milk  in  order  to  avoid  this  danger  has  already  been  spoken 
of  (p.  16).  When  raw  milk  is  used,  great  pains  should  be  taken  not 
only  to  obtain  fresh,  clean  milk,  but  also  in  caring  for  it  scrupulously 
after  it  is  purchased.  It  is  usually  more  important  that  the  milk 
should  be  pure  than  that  it  should  be  rich  in  cream,  especially  as  the 
fat  in  very  creamy  milk  may  be  less  digestible  on  account  of  the  sia 
of  the  fat  globules. 
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HUISinVE  VALVE  OF  MILK  GOMFASED  WITH  OIHEA  FOODS. 

The  value  of  milk  for  nourishment  is  not  as  generally  understood  as 
it  should  be.  Many  people  think  of  it,  for  adults  at  least,  as  a  bever- 
age rather  than  a  food,  and  do  not  realize  that  a  glass  of  it  adds  as 
much  to  the  nutritive  value  of  a  meal  as  a  quarter  of  a  loaf  of  bread 
or  a  good  slice  of  beef.  A  quart  of  average  milk  contains  the  same 
amount  of  nutritive  ingredients  as  0.75  of  a  pound  of  beef  or  6  ounces 
of  bread.  To  put  it  in  another  way,  about  one-eighth  of  the  Tvhole 
weight  of  the  milk,  one-third  of  the  beef,  and  two-thirds  of  the  bread 
wmsist  of  actually  nutritive  ingredients.  The  other  seven-eighths  of 
the  milk  and  one-third  of  the  bread  are  water,  while  the  two-thirds  of 
the  meat  which  is  not  actual  nutriment  is  mainly  water,  though  in 
part  is  bone.  Chart  I  shows  the  average  composition  of  milk,  milk 
products,  and  some  other  common  food  materials.  In  this  chart  the 
percentage  amount  of  refuse,  water,  protein,  fat,  carbohydrates,  and 
mineral  matter  or  ash  is  indicated  by  shaded  portions  corresponding 
to  these  different  constituents,  each  full  division  of  the  lines  repre- 
senting constituents  being  equivalent  to  10  per  cent.  The  heavy 
black  line  indicates  the  number  of  calories  per  pound,  each  full 
division  of  this  space  corresponding  to  400  calories. 

As  compared  with  the  animal  foods,  it  will  be  noted  from  this 
chart  that  milk  c<mtains  more  carbohydrates  and  has  no  refuse.  In 
these  two  respects  it  resembles  more  nearly  many  of  the  vegetable 
foods,  such  as  flour,  oatmeal,  and  the  like.  The  amount  of  mineral 
matter  is  much  the  same  as  in  the  other  fresh  substances  given. 
There  is  a  lai^r  proportion  of  water  in  milk  than  in  most  other 
food  materials  except  very  succulent  fruits  and  vegetables,  so  that  a 
given  weight  contains  less  dry  matter  or  nutrients  than  most  foods. 

If  we  wish  to  compare  the  food  values  of  the  actually  nutritive 
ingredients  (the  dry  matter  contained  in  the  edible  portion)  of  dif- 
ferent food  materials,  the  calculations  may  be  made  on  the  basis  of 
1  pound  of  this  water-free  edible  portion,  and  the  following  figures 
show  such  a  comparison  of  milk  and  a  few  other  foods : 

JfutrienU  and  energy  in  1  pound  of  the  water-free  cdilile  portion  of  several 

food  maieriaU. 


Food  materials. 


Whole  milk 

Skim  milk  (0.8  per  cent  fat) 

-^       milk 

le 

-^.««.  roand 

Snokedbam 

Wkeat  flour 

Wheat  bread 

Potatoes 

Apples 

863 


Pioteiii. 

Fat. 

Carbohy- 
drates. 

Mineral 
matter. 

Piimnd, 

Fomnd. 

Pwmd. 

Ptmnd. 

a25 

0.81 

0.89 

0.06 

.36 

.08 

.55 

.06 

.83 

.06 

.58 

.06 

.80 

.63 

.03 

.06 

.57 
.26 
.18 

.40 
.66 
.01 

.08 

.08 

.86 

.01 

.15 

.02 

.82 

.01 

.10 

.01 

.86 

.04 

.03 

.03 

.92 

.02 

Pael 

Talue. 


CalorifK 
2,475 
1,835 
1,845 
2,990 
2.750 
8,275 
1,865 
1,865 
1,790 
1,885 
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effects,  as  there  is  no  danger  of  the  horse  overeating,  and  it  is  non- 
laxative.  For  these  reasons  feeders  have  become  used  to  timothy 
for  feeding  to  all  classes  of  horses. 

(3)  The  writer's  investigations  lead  him  to  believe  that  the  clover- 
hay  area  is  increasing  each  year  and  that  more  straight  clover  and 
clover  and  timothy  mixed  is  sent  to  the  market  than  formerly.  The 
reasons  for  this  increase  in  the  clover  area  are,  first,  that  farmers  are 
now  beginning  to  realize  more  than  ever  before  the  value  of  clover  in 
keeping  up  the  crop-producing  power  of  the  soil;  and,  second,  that 
when  clover  hay  is  sold  from  the  farm  there  is  less  loss  of  plant  food 
than  when  timothy  hdy  is  sold.  Because  of  the  increased  amount  of 
clover-mixed  hay  sent  to  the  market  a  new  grade  called  light  clover 
mixed  has  recently  been  added  to  the  official  grades. 

(4)  At  present  clover-mixed  hay,  especially  light  clover  mixed, 
brings  about  the  same  price  as  No.  2  timothy.  The  reason  this  kind 
of  hay  is  not  in  greater  demand  and  does  not  bring  a  better  price  is 
that  feeders  do  not  realize  that  it  contains  more  nutrients,  especially 
protein,  than  timothj^  and  that  it  will  give  better  returns  when  fed 
to  horses  subject  to  hard  labor,  such  as  heavy  hauling  and  trans- 
ferring. 

(5)  Before  the- value  of  any  kind  of  hay  can  be  determined,  the 
feeder  must  know  the  purpose  for  which  it  is  to  be  fed  and  its 
adaptability  for  such  a  purpose.  For  example,  owners  of  racing  and 
fancy  driving  horses  feed  the  choicest  of  timothy  hay,  chiefly  because 
it  is  very  palatable,  agrees  with  the  horse,  and  furnishes  the  required 
amount  of  bulk  needed  in  the  ration.  .  The  purpose  in  feeding  hay  to 
horses  doing  hard  labor  is  to  furnish  not  only  bulk  but  part  of  the 
nutrients,  especially  protein,  required  in  the  ration.  For  this  class 
of  horses  good  timothy  and  clover  mixed  hay  will  prove  more  satis- 
factory than  any  grade  of  timothy,  being  cheaper  and  containing 
more  nutrients  than  timothy. 

(6)  The  most  important  thing  in  determining  the  value  of  hay  is 
palatability,  for  if  it  is  not  relished  not  enough  will  be  eaten  to  fur- 
nish much  nourishment  to  the  animal.  When  hay  is  exposed  in  the 
field  too  long  in  the  hot  sun  or  is  subject  to  rain,  its  palatability  will 
be  lessened,  which  in  turn  lowers  its  market  and  feeding  value. 
I^w-grade  hay  is  not  as  palatable  nor  does  it  contain  as  much  nour- 
ishment as  the  better  grades. 

(7)  In  general  there  is  little  if  any  profit  in  growing  and  selling 
low-grade  hay,  especially  that  made  from  the  grasses,  for  the  loss  of 
fertilizing  value  or  crop-producing  power  of  the  land  amounts  to 
more  than  the  net  profit  after  the  cost  of  curing,  baling,  etc,  is 
deducted. 
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(8)  The  price  of  hay  land  is  steadily  rising  in  the  tame-hay  section, 
and  in  order  to  make  a  fair  profit  on  the  value  of  the  land  it  will  be 
necessary  for  the  grower  to  practice  the  best  methods  of  culture, 
curing,  baling,  and  selling.  Before  there  can  be  any  material  change 
in  the  quality  of  hay  sent  to  the  market  it  will  be  necessary  for 
fanners  to  learn  the  grades  of  hay,  for  it  is  impK)ssible  to  grow  choice 
hay  if  the  producer  does  not  know  what  constitutes  this  grade. 

(9)  A  proper  understanding  of  the  feeding  value  of  market  hay 
and  market  requirements  is  greatly  to  be  desired  on  the  part  of  every- 
one engaged  in  the  growing,  handling,  and  feeding  of  hay. 
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The  following  is  a  list,  by  number,  of  the  Farmers'  Bulletins  available  for  distri- 
bution. The  bulletins  entitled  '* Experiment  Station  Work"  give  in  brief  the  results 
of  experiments  performed  by  the  State  experiment  stations.  Titles  of  other  bulletins 
are  self-explanatory.  Bulletins  in  this  list  will  \ye  sent  free  to  any  address  in  the 
United  States  on  application  to  your  Senator,  Representative,  or  Delejrate  in  Congress, 
or  to  the  Secretary  of  Agriculture,  Washington,  D.  C.  Numbers  omitted  have  been 
discontinued,  being  superseded  by  later  bulletins. 


22.  The  Feeding  of  Farm  ADimals.    Pp.  40.  '  135. 

24.  Hog  Cholera  and  Swine  Plague.    Pp.  16.  137. 

27.  Flax  for  Seed  and  Fiber.    Pp.  16.  .  138. 

28,  Weeds:  And  How  to  Kill  Them.    Pp.  30.  |  189. 

50.  Qrape  Diseases  on  the  Pacific  Coast.    Pp.  16. 

82.  Silos  and  Silage.    Pp.  30.  ,  140. 

38.  Peach  Growing  for  Market.    Pp.  24.  '  142. 

84.  Meats:  Composition  and  Cooking.    Pp.  31.  I 

85.  Potato  Culture.    Pp.  24.  144. 

86.  Cotton  Seed  and  Its  Products.  Pp.  16.  145. 
42.  Facts  About  Milk.  Pp.  32.  147. 
44.  Commercial  Fertilizers.    Pp.  88.  149. 

47.  Insects  Affecting  the  Cotton  Plant.    Pp.  32.  150. 

48.  The  Manuring  of  Cotton.    Pp.  16.  152. 

49.  Sheep  Feedinlp.    Pp.  24.  154. 

51.  Standard  Varieties  of  Chickens.    Pp.  48. 

62.  The  Sugar  Beet.  Pp.  48.  155. 
54.  Some  Common  Biras.    Pp.  48. 

66.  The  Dairy  Herd.    Pp.  30.  156. 

56.  Experiment  Station  Work— I.    Pp.  30.  -  157. 

58.  The  Soy  Bean  as  a  Forage  Crop.    Pp.  24.  1  158. 

59.  Bee  Keeping.    Pp.  48.  | 

60.  Methods  of  Curing  Tobacco.    Pp.  24.  159. 

61.  Asparagus  Culture.    Pp.  40.  162. 

62.  Marketing  Farm  Produce.    Pp.  31.  164. 

63.  Care  of  Milk  on  the  Farm.    Pp.  40.  165. 

64.  Duckfi  and  Geese.    Pp.  55.  166. 

65.  Experiment  Station  work— II.  Pp.  32.  167. 
69.  Experiment  Station  Work— III.  Pp.  32.  169. 
71.  Essentials  in  Beef  Production.  Pp.  24.  170. 
78.  Experiment  Station  Work— IV.    Pp.  32.  172. 

77.  The  Liming  of  Soils.    Pp.  24. 

78.  Experiment  Station  Work— V.    Pp.  32.  178. 

79.  Experiment  Station  Work— VI.    Pp.  27.  174. 

81.  Corn  Culture  in  the  South.    Pp.  24.  175. 

82.  The  Culture  of  Tobacco.    Pp.  22. 

83.  Tobacco  Soils.    Pp.  28.  176. 

84.  Experiment  Station  Work— VII.    Pp.  32.  177. 

85.  Fish  as  Food.    Pp.  32.  178. 

86.  Thirty  Poisonous  Plants.    Pp.  32. 

87.  Experiment  Station  Work— VIII.    Pp.  32.  179. 

88.  Alkali  Lands.    Pp.  23.  181. 

91.  Potato  Diseases  and  Treatment.    Pp.15.  182. 

92.  Experiment  Station  Work— IX.  Pp.30.  183. 
98.  Sugar  as  Food.    Pp.  31. 

96.  Raising  Sheep  for  Mutton.    Pp.48.  185. 

97.  Experiment  Station  Work— X.    Pp.  32.  186. 

98.  Suggestions  to  Southern  Farmers.    Pp.  48.  187. 

99.  Insect  Enemies  of  Shade  Trees.    Pp.30.  188. 

100.  Hog  Raising  in  the  South.    Pp.  40.  190. 

101.  Millets.     Pp.  80.  192. 

103.  Experiment  Station  Work— XI.    Pp.30.  193. 

104.  Notes  on  Frost.    Pp.  31.  194, 

105.  Experiment  Station  Work— XII.    Pp.  32.  195. 

106.  Breeds  of  Dairy  Cattle.    Pp.  48.  196. 

107.  Experiment  Station  Work- XIII.  Pp.  82.  197. 
110.  Rice  Culture  in  the  United  States.    Pp.  28. 

112.  Bread  and  Bread  Making.    Pp.  40.  198. 

113.  The  Apple  and  How  to  Grow  It    Pp.  32.  199. 

114.  Experiment  Station  Work— XIV.    Pp.  28.  200. 

118.  Grape  Growing  in  the  South.    Pp.  82.  201 

119.  Experiment  Station  Work— XV.    Pp.  30.  202. 

120.  In.sects  Affecting  Tobacco.    Pp.  32.  203. 

121.  Beans.  Peas,  and  Other  Legumes  as  Food.  204. 

Pp.  88.  205. 

122.  Experiment  Station  Work— XVI.  Pp.  32.  206. 
124.  Experiment  Station  Work— XVII.    Pp.32.  '209. 

126.  Practical  Suggestions  for  Farm  Buildings. 

Pp.  48.  210. 

127.  Important  Insecticides.    Pp.  46.  211. 

128.  Eggs  and  Their  Uses  as  Food.    Pp.  40. 

181.  Household  Tests  for  Detection  of  Oleomar-  213. 

garine  and  Renovated  Butter.    Pp.  10.  217. 

132.  Insect  Enemies  of  Growing  Wheat.    Pp.  38. 
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Sorghum  Sirup  Manufacture.    Pp.  40. 
The  Angora  Goat.    Pp.  48. 
Irrigation  in  Field  and  Garden.    Pp.  40. 
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Pp.  16. 
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28. 
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The  following  lunch,  such  as  might  be  obtained  in  a  restaurant  or 
lunch  room,  will  serve  for  the  purpose  of  comparison : 

Estitnated  cost  and  nutrients  of  a  restaurant  lunch. 


Food  materials. 

Amount. 

Estimated 
cost 

Protein. 

Ttloe. 

Soup 

Ounces. 
8.0 
2.0 
2.0 
1.0 
8.0 
.5 

1.0 
.5 

OaUs. 

Pmmd. 

0.01 

.02 

OaloHa. 
75 

Beef 

275 

Potatoes 

100 

ToTDlps 

15 

Bread 

.02 

225 

Batter 

100 

Coffee: 
'    Milk 

20 

Sugar 

65 

Total 

1&-20 

.06 

805 

It  will  thus  be  seen  that  the  15-cent  lunch,  containing  nine  different 
food  materials,  would  not  have  any  greater  nutritive  value  than  the 
5-cent  lunch  of  bread  and  skim  milk;  though  it  contained  a  few 
calories  more  of  energy,  it  would  yield  only  about  half  as  much 
protein. 

The  idea  that  only  whole  milk  is  fit  to  use,  which  is  rather  errone- 
ously held  by  housewives,  is  perhaps  ascribable  to  the  esteem  in 
which  cream  is  held  as  an  ingredient  of  "  rich  food,"  and  may  lead 
to  quite  needless  waste  or  expenditure.  For  growing  children,  who 
need  large  quantities  of  protein  and  carbohydrates,  2  quarts  of  skim 
milk  would  supply  more  of  these  constituents  and  more  ash  than  1 
quart  of  whole  milk,  and  it  has  already  been  suggested  that  fresh 
skim  milk  of  good  quality,  sold  under  its  real  name  and  at  a  reasonable 
price,  is  preferable  to  suspicious  whole  milk.  Many  families  who 
are  in  the  habit  of  drinking  whole  milk  and  buying  cream  would 
doubtless  be  quite  as  well  off  if  the  top  of  the  milk,  say  2  or  3  inches 
in  a  quart  bottle,  were  poured  into  the  cream  instead  of  the  milk 
pitcher ;  the  milk  ought  still  to  be  far  from  thin  and  blue,  and  there 
would  be  a  marked  saving  in  the  cost  of  cream.  On  the  farm  skim 
milk  is  often  considered  fit  only  for  the  pigs ;  but  it  really  may  be 
used  in  cookery,  etc.,  as  a  useful  and  economical  food,  thou^  it  is 
only  fair  to  say  that  on  a  farm  milk  is  often  so  abundant  that  the 
fresh  whole  milk  will  naturally  be  selected  for  culinary  and  table 
purposes.  The  fresh  whole  milk  seems  to  most  persons  more  tempt- 
ing as  a  beverage,  perhaps,  than  older  skim  milk,  though  this  is  a 
matter  largely  of  cultivation  and  habit ;  but  if  no  one  cares  to  drink 
it  the  skim  milk  can  dlways  be  used  in  cooking,  as  will  be  discussed 
in  a  later  section,  a  fact  of  more  importance  from  the  standpoint  of 
economy  in  families  where  milk  is  purchased  than  in  those  where  it 
is  produced. 
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COST  OF  HITTBIENTS  DT  WEOIE  MILE  AND  SEDC  HUE.  * 

Just  as  the  nutritive  value  of  a  given  food  depends  not  simply  on 
its  chemical  composition  but  on  its  proportion  of  digestible  nutrients, 
so  its  real  cheapness  or  deamess  depends  not  on  the  price  per  quart 
or  per  pound,  but  on  the  amount  of  digestible  nutrients  which  a  given 
sum  will  purchase.  Milk  is  economical  in  the  sense  that  it  contains 
no  refuse,  such  as  the  bone  and  gristle  of  meat,  the  shells  of  eggs, 
and  the  skins  and  seeds  of  vegetables.  Moreover,  the  proportion  of 
its  nutrients  which  can  be  digested  and  utilized  by  the  body  is,  under 
ordinary  circumstances,  larger  than  that  from  most  food  materials. 
The  thing  which  might  make  milk  expensive  is  its  diluteness — that 
is,  the  large  amount  of  water  which  it  contains  in  proportion  to  its 
soUd  matter. 

The  accompanying  chart  will  help  in  showing  the  real  cheapness 
or  deamess  of  milk  at  various  prices  as  compared  with  other  foods. 
In  this  chart  the  amount  of  nutrients  is  indicated  by  the  shaded 
portions  corresponding  to  the  protein,  fat,  and  carbohydrates,  the 
length  of  each  portion  representing  the  number  of  pounds  or  frac- 
tions of  a  pound  of  the  constituent  which  is  supplied,  each  full 
division  of  the  chart  being  equivalent  to  1  pound.  The  heavy  black 
line  indicates  the  number  of  calories  per  pound,  each  full  division 
of  the  chart  corresponding  to  2,000  calories. 

The  whole  milk  represented  contains  the  average  amounts  of  solid 
matter,  regardless  of  price.  Milk  selling  at  10  cents  a  quart  ought 
to  contain  larger  proportions  than  that  selling  at  5  or  6,  besides 
having  fewer  bacteria ;  on  the  other  hand,  milk  at  the  lower  prices 
may  occasionally  contain  larger  proportions  than  the  more  expensive, 
but  it  is  impossible  to  represent  such  variations  satisfactorily.  For 
the  purposes  of  the  present  comparison  the  average  composition  will 
be  sufficiently  accurate. 

Of  course,  in  comparing  milk  and  such  material  as  dried  beans, 
one  must  take  into  account  the  fact  that  the  beans  will  absorb  con- 
siderable water  in  cooking  and  that  a  pound  of  them  ready  to  eat 
would  not  contain  as  much  nourishment  as  is  represented  in  the  chart, 
while  milk  is  consumed  as  bought.  In  addition,  the  cost  of  cooking 
must  always  be  considered  in  connection  with  foods  which  are  not 
eaten  raw. 

Bearing  these  things  in  mind,  we  see  that  milk  at  all  but  the  highest 
prices  assumed  is  a  cheaper  source  of  protein  than  any  of  the  animal 
foods  except  cheese,  very  cheap  meat,  and  salt  fish.  At  usual  prices 
skim  milk  furnishes  protein  more  cheaply  than  any  common  animal 
food  except  salt  fish.  The  protein  of  vegetable  foods  is  less  expensive, 
but,  on  the  other  hand,  as  prepared  for  the  table  is  less  thoroughly 
digested.    Moreover,  it  is  accompanied  by  such  large  amounts  of 
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Chart  III. — Pecuniary  economif  of  milk  and  other  foods.  Amount  of  dchul 
nutrients  obtained  in  different  foods  for  10  cents  at  certain  assumed  prion 
per  pound. 
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carbohydrates  that  to  secure  much  vegetable  protein  in  the  diet 
usually  means  an  excess  of  the  carbohydrates.  Under  ordinary  mar- 
ket conditions  milk,  and  even  skim  milk,  is  a  cheaper  source  of  body 
fuel  tlian  any  of  the  usual  animal  foods  except  cheese  and  salt  pork, 
but  is  a  dearer  one  than  the  usual  vegetable  foods.  Here  again,  how- 
ever, the  milk  furnishes  the  ingredients  in  a  form  more  readily  and 
thoroughly  digested  than  the  vegetable  foods  as  ordinarily  served. 
Milk,  then,  is  fully  as  economical  a  source  of  nutrients  as  most  animal 
foods,  but  is  dearer  than  most  vegetable  foods.  It  has  the  decided 
advantage  of  having  no  waste,  requiring  no  time  for  preparation,  and 
being  more  digestible  than  the  vegetable  foods.  Skim  milk  answers 
the  most  important  purposes  of  milk  in  the  ordinary  mixed  diet,  and 
under  usual  market  conditions  costs  at  most  only  half  as  much  as 
whole  milk.  Both  whole  and  skim  milk  at  moderate  prices  are  there- 
fore to  be  ranked  among  the  most  economical  of  our  foods,  not  only 
when  taken  as  beverages,  but  also  when  used  in  preparing  other  foods. 

THE  USE  OF  HUE  IN  COOEIHO. 

If  freely  used  in  the  preparation  of  other  foods,  milk  can  be  made 
to  add  considerably  to  the  food  value  of  the  meals.  Many  dishes 
are,  of  course,  richer  in  flavor  if  whole  milk  is  used  rather  than 
skimmed,  but  for  the  purpose  of  increasing  the  food  value  of  the  diet 
the  main  nutritive  ingredient — ^that  is,  the  nitrogenous  material — as 
we  have  seen,  is  in  the  skim  milk ;  if  the  extra  fat  is  needed,  it  may  be 
supplied  in  the  form  of  butter,  which  is  usually  a  more  economical 
source  than  whole  milk,  or  in  the  form  of  lard  or  other  culinary  fat. 

Most  persons  consider  that  the  choice  between  bread  made  with 
milk  and  that  made  with  water  depends  simply  upon  the  taste  and 
appearance.  There  is,  however,  a  difference  in  the  food  value,  as 
will  be  seen  from  figures  showing  the  average  composition  of  various 
foods  prepared  with  milk  and  of  similar  dishes  in  which  it  is  not  used. 
According  to  the  figures  which  were  taken  from  analyses  made  at  the 
University  of  Minnesota,*  bread  made  with  skim  milk  is  richer  in 
total  solids,  protein,  and  fats  than  otherwise  similar  bread  made 
with  water.  The  differences  are  not  very  great,  but  they  are  well 
worth  considering,  especially  where  skim  milk  is  a  drug  in  the  mar- 
ket. The  importance  of  skim  milk  in  bread  making  has  also  been 
demonstrated  experimentally  at  the  Maine  Experiment  Station. 

Milk  soups  furnish  an  excellent  means  of  increasing  the  food  value 
of  a  meal  or  of  using  up  superfluous  milk.  Sometimes  the  milk  is 
mixed  with  "  stock  "  made  from  meat,  and  sometimes,  as  in  vegetable 
purfes,  it  forms  the  basis  to  which  the  pulp  of  some  vegetable,  such 
as  beans,  peas,  potatoes,  corn,  or  celery,  is  added  to  give  flavor  and 
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"  body."    Oyster  stew  made  with  milk  owes  its  food  value  more  to 
the  milk  than  to  the  oysters. 

Milk  or  "  white "  and  "  cream  "  sauces  are  also  very  useful,  not 
only  for  the  nutritive  material  they  supply  but  also  as  a  help  in 
using  up  "  left  overs."  Bits  of  meat  can  often  be  made  very  attrac- 
tive by  serving  them  on  toast  minced  and  "creamed,"  and  many 
warmed-over  vegetables  are  improved  by  the  addition  of  milk  or 
white  sauce,  while  the  same  sauce  also  helps  in  giving  variety  in 
winter  when  not  many  kinds  of  vegetables  are  to  be  had.  There  is 
almost  no  end  to  the  puddings  and  desserts  in  which  considerable 
milk  is  used.  Blanc  mange  is  practically  flavored  milk,  jellied  with 
starch,  Irish  moss,  or  some  similar  material,  and  the  simplest  kinds 
of  ice  cream  are  milk  and  cream  mixtures  flavored  and  frozen. 
Junket  is  simply  milk  curd  separated  by  rennet,  as  in  cheese  making, 
and  eaten  before  the  bacteria  which  give  the  cheese  its  flavor  develop. 
Then  there  are  all  the  puddings  made  of  some  form  of  cereal  and 
milk  and  flavored  in  some  way,  as  bread  puddings,  ciHUstardi,  rice, 
and  tapioca  puddings,  and  the  countless  forms  of  custard  of  which 
milk  and  eggs  make  the  basis.  Almost  all  of  these,  if  carefully  made, 
are  nutritious,  easily  digested,  and  economical.  For  children  and 
persons  of  weak  digestion  the  simpler  ones  like  blanc  mange,  c(»m- 
starch,  and  rice  puddings  are  almost  indispensable. 

MUE  PEODXrCTS. 

BUTTEB  AND  CHEESE. 

These  are  by  far  the  most  important  products  of  the  dairy  industry, 
but  so  much  has  been  written  of  them  in  other  publications  of  this 
Department  that  they  need  only  be  mentioned  briefly  here. 

Chart  IV  shows  in  graphic  form  the  composition  of  butter,  cheese, 
and  other  milk  products.  The  data  are  given  in  tabular  form  for 
these  and  other  foods  on  page  9. 

Butter,  which  is  practically  separated  milk  fat,  is  one  of  the 
most  important  sources  of  fat  in  our  diet  and  certainly  the  most 
palatable  and  one  of  the  most  digestible.  Its  flavor  depends  upon 
such  factors  as  volatile  fats,  cleanliness,  the  action  of  bacteria,  and 
the  amount  of  salt  added.  The  price  varies  greatly,  even  during  the 
same  season,  and  is  influenced  by  flavor,  color,  texture,  etc  These 
factors  affect  quality  rather  than  composition,  and  so  far  as  is  known 
have  little  effect  on  nutritive  value  or  digestibility.  As  has  been 
stated  already,  it  is  usually  a  cheaper  source  of  pure  fat  than  whole 
milk.  The  butter  on  sale  in  the  United  States  is  usually  salted,  partly 
because  of  the  general  preference  for  the  salt  flavor  and  partly  be- 
cause of  improved  keeping  qualities.    It  is  noticeable  that  butter  is 

863 


THE   DSB  OF   MILE   AB  FOOD.  37 

now  less  heavily  Baited  than  was  the  case  before  cold  storage  and 
other  such  conveniences  became  common.  In  Europe  sweet  or  ua- 
salted  butter  is  very  popular,  and  its  popularity  is  growing  in  the 
United  States.  Such  butter  has  a  mild,  creamy  flavor,  which  very 
many  relish.  As  it  does  not  keep  well  it  must  be  used  socm  after  it 
is  made,  and  ranks  as  a  delicacy.  Many  persons  make  sweet  butter 
at  home  as  needed,  using  for  the  purpose  an  egg  beater  or  one  of  the 
devices  similar  in  principle  which  are  on  the  market  for  this  purpose. 

Chaxt  IY. — Perventage  compoaition  and  fuel  value  per  pound  of  butter,  cheete, 
and  other  mill:  products. 
(Tbe  conitltnents  ar«  eiprened  In  p«r  cent,  tlk«  fuel  T>tuea  In  cBlorl«a  p«r  poonS.) 
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A  peculiar  form  of  butter,  called  "  ghee,"  is  commonly  used  in  India 
and  central  A^ia.  The  water  is  boiled  out  from  freshly  made  but- 
ter and  the  resulting  product  is  kept  for  general  use,  especially  in 
cooking.  In  the  cold,  high  regions  of  Tibet  it  is  used  in  large  quan- 
tities, lumps  of  it  being  put  even  into  tea.  This  product  is  very 
similar  to  the  rendered  butter  which  is  used  by  orthodox  Jews  in 
kosher  cookery.  Bendered  butter  is  also  a  common  culinaty  fat  in 
Egypt  and  some  other  countries. 
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Oieese  consists  of  the  casein  of  the  milk  and  m&re  or  less  of  the  fsi 
and  mineral  matters  which  are  precipitated  along  with  it  when  rennet 
is  added  to  milk.  There  are  coontless  varieties  made  not  only  from 
cow's  milk  but  also  from  that  of  goats,  ewes,  and  other  animals.  The 
flavor  is  due  chiefly  to  the  acticm  of  ferments,  of  bacteria,  or  of  molds. 
The  changes  which  these  agents  induce  are  now  well  understood,  and 
the  manufacture  of  cheese  of  different  types  is  an  important  industry 
in  which  the  expert  cheese  maker  now  utilizes  them  according  to 
scientific  methods  to  bring  about  the  desired  results  with  almost  un- 
varying certainty.  The  literature  of  food  and  nutrition  contains  lit- 
tle definite  information  regarding  the  digestibility  of  cheese,  but 
there  is  a  general  opinion  that  this  food,  particularly  the  very  strong 
varieties,  is  kss  easily  digested  than  most  milk  products.  As  regards 
thoroughness  of  digestion,  a  very  large  number  of  digestion  experi- 
ments carried  on  by  the  Office  of  Experiment  Stations  in  cooperation 
with  the  Bureau  oi  Animal  Industry  of  the  Department  of  Agricul- 
ture have  ^lown  that,  when  consumed  even  in  relatively  large 
amounts,  cheese  is  very  thoroughly  assimilated.  Furthermore,  it 
caused  no  physiological  disturbances  in  the  large  number  of  tests  in 
which  it  was  used.  Cheese,  containing,  as  it  does,  almost  all  of  the 
protein  and  fat  of  the  milk  from  which  it  is  made  and  having  a  com- 
paratively low  water  content,  is  a  very  nutritious  food,  and  the^ 
cheaper  kinds  may  well  be  used  more  abundantly  than  is  commonly 
the  case  in  this  country  as  a  part  of  the  r^ular  diet  and  not  simply 
as  a  condiment  at  the  end  of  the  hearty  meaL  The  cost  of  dieese 
varies  greatly  with  the  kind,  but  the  higher  prices  are  usually  paid 
for  distinctive  flavors  or  texture  rather  than  for  food  values. 

JUNKET. 

A  favorite  dish  for  invalid  dietetics  and  for  more  graieral  use  is 
prepared  by  adding  rennet  to  milk  and  allowing  it  lo  stand  undis- 
turbed until  it  thickens  or  coagulates — that  is,  until  the  casein  is 
precipitated.  If  the  process  is  carefully  carried  out  a  thici,  custard- 
like product  results.  If,  however,  it  is  stirred  the  casein  readily 
breaks  up  and  separates  from  the  whey.  There  are  a  number  of 
preparations  of  rennet  on  the  market  designed  especially  for  making 
junket,  all  of  which  seem  to  give  satisfactory  results. 

COTTAaS  CHEESE. 

Cottage  cheese  as  commonly  made  at  home  frcrni  sour  milk  with  or 
without  the  cream  is  a  nutritious  and  palatable  food,  as  may  be  seen 
from  figures  for  its  composition  in  the  table  on  page  9,  and  the  data 
given  in  Chart  IV,  page  37.  Under  ordinary  conditions  it  is  very 
inexpensive.    There  are  several  sorts  of  this  cheese.  Qii..tbe  market 
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which  are  made  in  large  quantities  as  regular  commercial  products 
and  sold  under  such  names  as  Neufchatel,  or,  less  commonly,  cream 
cheese.  In  many  city  markets  the  homemade  product  may  also  ba 
purchased.  Cottage  cheese  is  used  as  a  palatable  addition  to  tho 
diet,  alone  or  seasoned  in  various  ways,  and  is  also  used  in  the 
preparation  of  a  number  of  dishes. 

GBSAK. 

Cream  is  made  up  principally  of  water  and  the  fat  of  milk,  but 
ccmtsins  also  a  little  protein,  carbohydrates,  and  mineral  matters. 
When  served  with  cereals,  fruit,  etc.,  it  not  only  improves  the  flavor, 
but  adds  to  the  nutritive  value  of  the  dish.  When  added  to  the  cus- 
tards, cakes,  soups,  and  other  food  it  materially  increases  the  fat  con- 
tent and  makes  the  dish  "richer,"  as  does  cream,  either  plain  or 
whipped,  served  with  a  dessert  dish  or  other  food. 

Judging  by  available  data,  cream  in  large  quantities  is  less  easily 
digested  than  the  same  amount  of  whole  milk,  because  it  contains  so 
mudi  fat;  but,  on  the  other  hand,  it  is  more  thoroughly  digested  than 
most  other  forms  of  fat,  and  is  often  ordered  by  physicians  when 
the  amount  of  this  ingredient  in  the  diet  is  to  be  increased.  At  usual 
prices  it  is  so  expensive  that  it  must  be  considered  a  luxury  to  most 
people  who  purchase  their  milk  and  cream. 

When  cream  is  beaten  or  whipped  the  fine  bubbles  forined  do  not 
break  readily,  so  that  it  may  be  whipped  until  it  is  stiff,  almost  like 
egg  white.  If  the  "  whipping  "  is  too  long  continued  the  fat  globules 
separate,  and  butter  results.  If  cream  is  too  thin  it  does  not  whip 
well,  and  the  same  may  be  said  of  very  thick  cream.  Several  ex- 
planations of  this  property  of  "  whipping  "  have  been  offered,  but  it 
seems  fair  to  say  that  no  entirely  satisfactory  explanation  has  been 
given.  That  the  property  may  be  dependent  upon  tlie  calcium  con- 
tent of  the  milk  is  suggested  by  the  fact  that  cream  to  which  a  small 
amount  of  a  s<^ution  of  lime  in  sugar  and  water  has  been  added 
may  be  readily  whipped.  This  question  has  been  carefully  studied 
at  the  Wisconsin  Station^  and  it  was  found  that  if  a  small  portion  of 
such  a  lime  solution  was  added  to  pasteurized  cream  which  ordinarily 
does  not  whip  readily,  or  to  thin  cream,  satisfactory  results  could  be 
obtained. 

A  cream  product  known  as  "  Devonshire  clotted  cream,"  or  simply 
as  ^'  clotted  cream,"  and  very  popular  in  Great  Britain  and,  to  a  less 
extent,  elsewhere,  is  made  by  allowing  pans  of  milk  to  stand  undis- 
turbed in  a  cool  place  until  cream  rises  and  then  scalding,  care  being 
taken  not  to  disturb  the  cream  on  top  of  the  milk.  When  this  is 
properly  done  and  the  pans  allowed  to  cool,  the  cream  may  be  taken 
off  in  a  thick,  clotted  condition,  and  is  ready  for  use  It  has  a 
peculiar,  nutty  flavor,  which  most  persons  relish. 
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BTJTTEBMHiK. 

Besides  skim  milk,  there  is  another  important  by-product  resulting 
from  the  manufacture  of  butter,  namely,  buttermilk.  In  butter  mak- 
ing the  fat  globules  are  brought  together  by  churning  and  removed, 
leaving  a  thin  liquid.  This  buttermilk  is  very  like  skim  milk  in  com- 
position, but  it  has  usually  a  mild  acid  taste,  because  the  cream  is 
generally  allowed  to  sour  before  churning.  Buttermilk  is  often  used 
as  a  beverage,  and  has  much  the  same  food  value  as  skim  milk.  An 
ordinary  glass  would  contain  about  as  much  nourishment  as  2  oimces 
of  bread,  a  good-sized  potato,  or  a  half  pint  of  oysters.  To  many 
persons  buttermilk  is  as  palatable,  or  even  more  palatable,  than  whole 
or  skim  milk,  but  others  find  the  sour  taste  very  unpleasant.  This 
sour  taste  is  due  mainly  to  lactic  acid,  and  does  not  make  the  butter- 
milk less  digestible.  On  the  contrary,  its  casein  forms  a  more  flaky 
curd  than  that  of  ordinary  milk.  Buttermilk  is  frequently  fed  to 
babies,  especially  in  Holland,  and  i3  sometimes  prescribed  when  the 
protein  of  ordinary  milk  proves  indigestible.  Its  general  use  is 
increasing  in  this  country.  Buttermilk  ice  cream  is  considered  a 
delicacy  in  some  sections,  especially  for  invalids. 

Condensed  buttermilk  is  manufactured  to  some  extent,  but  seems 
to  be  best  known  in  Europe,  and  is  certainly  not  common  even  there. 

WHEY. 

Just  as  buttermilk  represents  the  residue  of  milk  from  butter  mak- 
ing, so  whey  represents  what  is  left  from  cheese  making,  and  consists 
mainly  of  water,  milk  sugar,  and  mineral  matters.  It  is  less  nutritious 
than  skim  milk  and  buttermilk,  but  is  occasionally  useful  as  a  mild 
laxative  drink  for  invalids.  In  the  "whey  cures"  for  dyspeptics, 
of  which  so  much  was  heard  some  years  ago,  whey  was  usually  c<Hn- 
bined  with  a  simple  vegetable  diet  and  the  beneficial  results  were 
probably  due  as  much  to  the  simple,  out-of-door  life,  which  made 
part  of  the  treatment,  as  to  the  whey  itself. 

Whey  may  be  made  at  home  by  cooking  sweet  milk  with  some  acid 
material,  such  as  vinegar,  lemon  juice,  sour  wine,  or  cream  of  tartar, 
or  even  with  sour  milk.  Such  whey  differs  but  little  in  composition 
from  regular  cheese  whey.  Fresh  curds  and  whey  is  an  old-fashioned 
dish  still  used  to  some  extent,  though  less  conmion  than  it  was  when 
cheese  making  was  regularly  carried  on  as  a  home  industry. 

SOUB  MILK  OR  CLABBER 

Sour  milk  or  clabber  is  a  common  article  of  diet  in  many  parts  of 
the  United  States  and  is  wholesome,  and  to  those  who  care  for  it 
very  refreshing  and  palatable.    It  is  certainly  nutritious,  since  when 
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made  frcMn  whole  milk  it  contains  all  the  nutritive  ingredients  origi- 
nally present,  and  when  only  skim  milk  is  used  it  contains  the  casein 
and  other  constituents  except  the  fat.  Usually  no  special  methods  are 
followed  to  prepare  sour  milk  or  clabber  for  table  use,  though  most 
housewives  recognize  the  fact  that  if  the  souring  takes  place  too 
slowly  the  clabber  may  have  a  bitter  or  unpleasant  flavor.  This  is, 
of  course,  due  to  the  development  of  undesirable  bacteria  along  with 
those  which  cause  the  souring  of  the  milk.  Sour  milk  is  much  used 
in  cookery,  and  adds  materially  to  the  nutritive  value  of  the  dish 
of  which  it  forms  a  part.  Before  baking  powders  became  so  com- 
mon sour  milk  and  baking  soda  were  very  commonly  used  to  leaven 
doughs  and  batters  of  various  sorts.  Some  cooks  maintain  that  they 
can  secure  the  best  results  by  using  only  the  whey  of  sour  milk,  but 
this  naturally  gives  a  less  nutritious  dish  and  therefore  is  not  so 
desirable. 
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Since  earliest  times  fermented-milk  products  have  been  used  as 
beverages  and  articles  of  diet  in  Central  Asia,  Turkey,  and  other 
countries.  These  products  are  prepared  by  allowing  special  ferments 
or  yeasts  to  develop  in  milk,  and  like  all  fermented  beverages  owe 
their  sparkling  or  effervescent  qualities  to  the  carbon  dioxid  pro- 
duced by  the  action  of  organisms.  The  flavor  differs  with  the  process 
of  manufacture.  These  fermented-milk  beverages  have  proved  very 
satisfactory  in  invalid  dietetics  and  are  now  well  known  and  com- 
monly used.  Fermented-milk  beverages  may  be  made  at  home,  but 
are  perhaps  more  commonly  commercial  products  in  the  United 
States.  In  this  country  cow's  milk  is  almost  universally  used  to 
make  these  beverages,  but  other  milk,  for  instance,  mare's  milk,  is 
more  common  in  Central  Asia  and  other  regions. 

A  carbonated  milk,  which  is  made  by  charging  milk  with  carbon 
dioxid,  is  sometimes  found  on  sale,  but,  of  course,  lacks  the  special 
qualities  which  all  the  fermented  products  contain. 

Some  of  these  fermented-milk  products  contain  lactic  acid  forming 
bacteria  in  great  abundance,  and  their  extensive  use  has  been  much 
discussed  recently,  owing  to  the  prominence  which  has  been  given 
to  the  theory  that  very  many  diseases,  particularly  those  incident  to 
old  age,  are  the  results  of  the  development  of  putrefactive  bacteria 
in  the  intestine  and  the  possibilities  of  hindering  the  growth  of  such 
organisms  by  the  presence  of  lactic  acid.  The  most  recent  observa- 
tions, however,  make  it  doubtful  whether  it  is  as  beneficial  as  has  been 
claimed  by  some  enthusiasts. 
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STTiaiLUlT. 

Some  idea  of  the  importance  of  milk  as  human  food  may  be  gained 
from  the  fact  that  about  one-sixth  of  the  total  food  of  the  average 
family  is  furnished  by  it  and  its  products.  Milk  from  various  mam- 
mals is  used  in  various  parts  of  the  world,  but  with  us  that  of  the 
cow  so  far  surpasses  all  other  kinds  in  importance  that  unless  other- 
wise specified  the  word  "  milk  "  is  taken  to  refer  to  cow's  milk  only. 
Few  staple  foods  vary  so  much  in  composition,  but,  on  the  average, 
good,  unadulterated  milk  should  contain  about  87  per  cent  water  and 
13  per  cent  solids.  About  one-fourth  of  these  solids  are  furnished 
by  the  protein  compounds,  casein,  and  albumin,  the  casein  being  five 
or  six  times  more  abundant  than  the  albumin.  Fats  (butter  fiit) 
form  one-third  of  the  total  solids.  Butter  fat  occurs  in  globules 
throughout  the  milk,  and  it  is  upon  the  size  and  number  of  them  that 
the  creaminess  of  milk  depends.  The  larger  the  globules  the  more 
easily  and  completely  will  ihej  rise  as  cream  to  Uie  surface  of  the 
milk.  Carbohydrates  make  up  38  per  cent  of  the  solids,  by  far  the 
most  important  of  them  being  lactose,  or  milk  sugar.  The  remain- 
ing 5  per  cent  of  solids  consists  of  mineral  matters,  the  bulk  of  whidi 
are  phosphates  and  chlorids  of  soda,  potash,  and  lime. 

Besides  these  chemical  constituents,  milk  almost  inevitably  cwi- 
tains  bacteria  of  many  kinds  and  in  varying  numbers.  They  cause 
the  souring  of  milk  and  the  ripening  of  cream  and  cheese,  and  pro- 
duce many  other  changes  in  the  appearance  and  flavor.  The  number 
present  in  freshly-drawn  milk  varies  enormously  with  the  conditions 
of  milking,  and,  as  they  are  greatly  increased  with  dirty  and  careless 
handling,  cleanliness  in  all  matters  pertaining  to  the  milking  and 
marketing  of  milk  and  keeping  it  in  the  home  can  not  be  too  strongly 
insisted  on.  Disease  germs,  notably  those  of  typhoid,  diphtheria, 
scarlet  fever,  and  tuberculosis,  may  also  be  carried  in  milk,  so  that 
the  purity  of  the  milk  supply  is  of  vital  importance  to  every  family 
and  community. 

Although  some  of  the  bacteria  in  milk  are  essential  in  the  manu- 
facture of  butter  and  cheese,  they  are  as  a  class  a  source  of  danger 
to  the  ordinary  consumer.  Without  them  milk  would  stay  sweet 
indefinitely,  and  the  problem  of  keeping  milk  is  simply  one  of  check- 
ing their  growth.  The  less  there  are  in  the  fresh  mijk,  the  slighter 
the  danger,  hence  the  superior  keeping  qualities  of  milk  fr<Mn  a  clean, 
well-ordered  dairy.  They  are  comparatively  inactive  at  a  tempera- 
ture below  50^  F.,  and  therefore  milk  should  be  kept  in  a  cool  plaioe. 
Freezing  does  not  kill  bacteria  and  produces  undesirable  changes  in 
the  milk.  Extreme  heat  does  kill  them,  but  also  produces  other  un- 
desirable changes.  Nevertheless,  heat  is  employed  to  preserve  milk 
in  the  two  common  methods  of  pasteurization  and  sterilizatioiL    In 
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the  former  the  aim  is  to  apply  heat  in  such  a  way  as  to  kill  the  most 
bacteria  without  producing  the  undesirable  changes;  in  the  latter, 
to  apply  enough  heat  to  kill  all  the  bacteria,  but  with  the  least  pos- 
sible undesirable  change.  Bacteria  require  moisture  as  well  as  heat 
for  their  growth,  therefore  by  extracting  the  water,  as  in  condensed 
milk,  milk  powders,  eta,  milk  may  be  preserved  indefinitely.  An- 
other way  of  keeping  it  is  by  the  use  of  chemicals  to  kill  the  bacteria, 
but  as  such  chemicals  may  be  injurious  to  human  beings  as  well, 
such  practices  are  not  usually  to  be  recommended. 

What  is  commonly  known  as  the  richness  of  milk  depends  upon 
the  amount  of  fat  This  varies  so  greatly  in  milk  from  different 
animals  and  is  so  easily  reduced  by  a  fraudulent  dealer  that  many 
efforts  have  been  made  to  regulate  the  price  of  milk  according  to  its 
fat  G(mtent.  Milk  graded  according  to  government  standards  is 
sold  in  some  cities,  especially  in  Europe.  Certified  milk — that  is, 
milk  in  sealed  jars  from  establishments  regularly  inspected — is  more 
commonly  known  in  this  country,  and  rightly  commands  a  higher 
price  than  that  from  uncertain  sources.  Of  course,  cleanliness  and 
care  are  as  important  in  keeping  milk  in  the  home  as  in  the  dairy  and 
market,  and  each  housekeeper  should  see  to  it  that  all  receptacles  in 
which  it  is  kept  are  thoroughly  scalded  each  time  they  are  used ;  if 
this  is  neglected,  bacteria  trom.  the  old  milk  will  contaminate  the 
fresh. 

Compared  with  other  food  materials,  milk  furnishes  the  nutritive 
ingredients  in  forms  in  which  they  may  be  easily  and  thoroughly 
digested  by  the  normal,  healthy  person,  and  often  by  those  of  im- 
paired health.  Boiling  is  believed  by  many  to  make  the  protein 
slighUy  less  digestible,  but  as  yet  knowledge  on  this  point  is  incom- 
plete. The  digestibility  of  the  fat  seems  to  depend  upon  the  size  of 
the  globules,  the  smaller  ones  being  more  easily  absorbed.  This  ex- 
plains why  rich,  "  creamy  "  milk,  such  as  that  given  by  the  Channel 
breeds,  sometimes  causes  digestive  trouble  in  children. 

Mother's  milk  is  best  adapted  by  nature  to  the  nourishment  of  in- 
fants, and  differs  from  cow's  milk  mainly  in  the  character  of  its  pro- 
tein, in  the  smaller  size  of  its  fat  globules,  and  in  its  greater  amount 
of  milk  sugar.  When  necessary,  cow's  milk  may  be  artificially  modi- 
fied to  approach  it  more  nearly  in  composition,  but  the  results  are 
not  always  satisfactory,  especially  as  regards  the  protein. 

Milk  contains  too  much  water  to  be  a  perfect  food  for  adults; 
nevertheless,  its  solids  furnish  all  the  necessary  ingredients  and  in 
good  proportions.  A  large  glass  of  it  yields  as  much  nourishment 
as  a  dice  of  roast  beef. 

Unless  exceptionally  high  prices  are  paid  for  it,  milk  is  fully  as 
economical  a  source  of  nutrients  as  other  animal  foods,  but  dearer 
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than  most  staple  vegetable  products.  It  should  be  borne  in  mind, 
however,  that  it  requires  no  preparation,  has  no  waste,  and  is  more 
thoroughly  digested  than  most  vegetable  foods.  As  a  source  of  pro- 
tein, the  most  expensive  of  the  nutritive  ingredients,  it  is  especially 
economical.  Skim  milk,  which  is  whole  milk  minus  part  of  its  fat^ 
and  which  costs  only  half  as  much  as  whole  milk,  furnishes  prot^ 
about  four  times  as  cheaply  as  beef,  and  since  fat  is  usually  abundant 
in  the  ordinary  mixed  diet  might  most  advantageously  be  used  in  the 
place  of  whole  milk  in  dietaries  where  cost  must  be  carefully  con- 
sidered. The  freer  use  of  skim  milk  in  cooking  is  also  to  be  recom- 
mended. Of  course,  foods  prepared  with  either  skim  or  whole  milk 
are  by  so  much  the  more  nutritious  than  those  prepared  with  water. 

Butter  and  cheese  are  the  most  important  milk  products.  Butter 
is  one  of  the  chief  sources  of  fat  in  the  ordinary  diet  and  furnishes 
it  in  a  very  palatable  and  easily  digested  form.  Cheese  consists  of 
the  casein  of  milk  plus  more  or  less  of  the  fat  and  mineral  matters. 
The  flavor  and  texture  of  the  many  varieties  are  due  mainly  to  the 
peculiar  bacteria  and  ferments  which  the  various  methods  of  manu- 
facture develop.  The  less  expensive  varieties  make  one  of  the  cheap- 
est sources  of  protein,  and  might  well  be  more  freely  used  as  part  of 
the  regular  diet.  Digestion  experiments  indicate  that  the  common 
and  milder  varieties  are  more  easily  and  thoroughly  assimilated  than 
is  sometimes  supposed.  The  other  milk  products — ^junket,  whey,  but- 
termilk, clabber,  and  the  fermented  forms,  sudi  as  kephir  and 
koumiss — are  all  nutritious  foods  and  are  often  of  especial  value  in 
invalid  diet.  In  short,  milk  and  its  products  are  fully  entitled  to 
their  prominent  place  in  our  food  list  as  comparatively  inexpensive, 
easily  digested  sources  of  all  the  necessary  ingredients  of  our  diet« 
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DrrBODUCTlOH. 

This  bulletin  is  an  account  of  the  progressive  and  successful  farm 
operations  of  a  farmer  of  South  Carolina  who,  by  combining  thorough 
tillage,  crop  rotation,  barnyard  manure,  and  a  judicious  use  of  com- 
mercial fertilizer,  has  changed  a  pre- 
viously badly  managed  and  run-down 
cotton  farm  into  a  very  productive 
and  profitable  enterprise.  The  impulse 
prompting  the  writing  of  this  bulle- 
tin is  the  belief  that  it  may  suggest 
to  other  farmers  of  the  South  ways 
and  means  by  which  they  may  so  im- 
prove their  methods  of  management  as 
to  make  their  farms  more  profitable. 

DESCSIPTIOir  OF  THE  COTTON 

FABX. 

The  farm  described  is  located  in 
the  east-central  part  of  South  Caro- 
lina. It  lies  on  a  low,  sandy  ridge 
having  good  drainage,  the  land  slop- 
ing in  all  directions  from  the  central 
ridge  like  a  turtle's  back.  The  soil 
is  a  gray  sandy  loam,  in  some  parts 
quite  loose  and  almost  white  in  color. 
It  is  underlain  at  a  depth  of  12  to 
15  inches  by  a  yellow  sandy  subsoil. 
The  forest  growth  is  pine  and  scrub 
oak.     There  are   131|   acres  in   the 


••HI  .7 


'6 


farm,  of  which  66  acres  are  under  ^''cha^ged  m' 1902  f**a,  oiTfwm'buUd^ 
a  system  of  rotation  and  80  are  oc-  *«»8»i  ^*  tenant  houses;  c,  gninen; 
cupied  by  tenant  houses  and  their  '  ^  "  ■wamp. 
surrounding  lots.  The  remainder  is  woodland.  The  farm  has  been 
under  cultivation  some  eighty  years,  and  for  the  eight  or  ten  years 
previous  to  the  present  ownership  had  been  rented. 

Figure  1  gives  some  idea  of  the  condition  of  the  farm  when  the 
present  owner  took  possession  in  January,  1902.    Several  tenant 
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houses  were  scattered  promiscuously  over  it,  a  number  of  bad  gullies 
had  been  allowed  to  develop,  a  swamp  hole  occupied  part  of  one 
field,  and  clumps  of  scrubby  trees,  bushes,  and  broom  sedge  had 

grown  up,  making  the  fields  irregular 
in  shape  and  giving  the  farm  a  rough 
and  unthrifty  appearance.  The  fer- 
tility of  the  soil  had  been  reduced  to 
the  low  ebb  of  producing  300  pounds 
of  seed  cotton  and  5  to  8  bushels  of 
com  to  the  acre. 

Now  this  is  all  changed;  the  bor- 
ders of  the  fields  have  been  straight- 
ened, the  tenant  houses  moved  from 
the  tillable  lands,  gullies  filled  up,  and 
the  swamp  hole  drained.  The  tillable 
land  has  been  divided  into  three  fields, 
of  22  acres  each;  the  farm  has  been 
fenced;  and  a  new  house,  bam,  and 
other  buildings  have  been  erected. 
The  farm  to-day  presents  an  appear- 
ance of  neatness,  thrift,  and  pros- 
perity. 

Figure  2  is  a  plan  of  the  farm  as  it 
is  to-day.  Figures  3  and  4  give  some 
idea  of  the  buildings. 

KANAOEKEHT  OF  THE  FABIL 

Fig.  2. — Plan  of  the  farm  In  1908:       The  present  owner  was  a  farmer 
a.  New  farm  buildings;  h,  tenant  ^f  experience  when  he  purchased  the 

nouses. 

farm,  and  he  knew  the  value  of  the 
rotation  of  crops,  thorough  tillage,  and  the  importance  of  decaying 
organic  matter,  or  humus,  in  the  soil.  He  adopted  a  rotation,  bought 
stable  manure,  and  began  feeding  cattle  for  the  purpose  of  convert- 
ing part  of  the  roughage  and  grain  of  the  farm  into  animal  products 
and  making  farm  manure  for  use  on  the  land.  By  this  method  and 
by  the  judicious  use  of  commercial  fertilizer  he  succeeded  in  produc- 
ing the  first  year  a  yield  of  If  bales  of  cotton,  37  bushels  of  corn,  and 
10  bushels  of  oats  to  the  acre.  These  yields  have  been  gradually  in- 
creased, until  during  the  last  two  years  2J  bales  of  cotton,  85  bushels 
of  corn,  and  80  bushels  of  oats  per  acre  have  been  obtained. 

The  rotation  adopted  was  as  follows:  First  year,  com,  with  cow- 
peas  planted  between  the  rows  at  the  last  working  of  the  com: 
seeond  year,  winter  oats,  followed  by  cowpeas  for  hay,  and  third 
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year,  cotton.    The  system  of  cropping  and  the  yields  for  each  field 
are  given  in  Table  I. 

Table  I.— Cropping  tyatem  anrf  crop  yields,  1902  to  1908.  inrlittin: 


neld  A. 

Fleia  B. 

FiM  c. 

Crap. 

1         Y,«,a. 

crop 

1             Yield. 

Crop. 

Yi«.d. 

Cotlon... 

liable. 

Colt™ 
O.M»- 
Corn" 

:::  Ts-'X"'.;::::::: 

o«u» 

cotioii:::: 

Corn".... 

Com..:::" 

l.«8  balea. 
rabusbeK 
80  biL'hels. 
1.7  bale*. 

'  MbuBhelB 

w 

::::  75  bushel*:::::::: 

!  ?5  Ke)^  :::::::: 

:::  sobuBheis:::::::: 

C0.10I1... 

1 

The  three  fields  vnried  somewhat  in  fertility,  A  being  the  best,  and 
C  being  of  a  very  poor,  loose  white  sand.     The  very  poor  rondition 


of  field  C,  indicated  by  the  low  yield  of  the  first  crop  of  oats,  accounts 
for  the  slight  irregularity  in  the  cropping  systems  of  fields  B  and  C 
at  the  beginning,  as  it  was  not  considered  advisable  to  plant  cotton 
on  field  C  until  a  second  crop  of  peas  had  grown  on  it.  A  study  of 
the  table  shows  an  immediate  return  for  good  management  and  a 
gradual  increase  in  crop  production.  This  increase  in  crop  produc- 
tion has  been  accompanied  by  a  reduction  in  the  amount  and  the  cost 
of  commercial  fertilizers  used.     (See  p.  20.) 

PIOWING. 

Previous  to  the  present  occupancy  of  the  farm  the  soil  had  been 
plowed  3  to  4  inches  in  depth  in  preparation  for  crop  planting. 
88555— BuL  364—09 2 
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Under  the  present  management  the  soil  has  been  plowed  broadcast 
for  both  cotton  and  com  with  a  2-horse  turning  plow  cutting  10 
inches  deep,  followed  by  a  1-horse  subsoiler  breaking  the  furrow 
bottom  to  an  additional  depth  of  7  inches.  This  has  giveo  the  land 
two  deep  and  thorough  plowings  each  round  of  the  three-year 
rotation. 

SURFACE  D&AHTAOE. 

Under  previous  management  the  land  on  this  farm  washed  and 
gullied  somewhat  This  has  been  largely  overcome  by  deep  and 
thorough  tillage.  However,  to  check  the  possibility  of  washing 
during  exceptionally  heavy  rains  the  soil  is  now  plowed  in  long 
beds  60  feet  wide.    This  leaves  it  in  a  series  of  broad,  low  "lands" 


Flu.  4. — (.'attiF  sbed  BDd  baron. 

with  shallow  depres-sions  between.  During  heavy  rains  such  water 
as  the  soil  can  not  immediately  take  up  finds  its  way  gradually  to 
the  shallow  depressions,  which,  having  no  outlets,  hold  it  until 
it  slowly  sinks  into  the  subsoil.  As  this  soil  is  open  and  porous 
in  texture  and  absorbs  water  readily,  there  is  no  danger  of  pudiUing 
from  water  standing  in  the  furrows  between  the  lands,  and  this 
method  of  plowing  eliminates  the  necessity  of  terracing, 

METHODS  OF  OROWIKO  THE  CHOPS. 

The  present  management  of  the  individual  crops  is  as  follows. 

COTTON. 
Preparation  of  the  mU. — In  November  the  land  is  flat-broken  or 
plowed  broadcast  10  inches  deep,  in  60-foot  beds,  with  a  2-horse 
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turning  plow.     A  1-horse  subsoil  plow  follows  the  turning  plow, 
breaking  the  furrow  bottom  to  a  depth  of  7  inches.     The  field  is 
then   harrowed   with   a   3-spction   smoothing  harrow.     In   January 
the    field    is   kid    off   , 
■with   a    1-hon-e   plow, 
marking   furrows   be- 
ing run   5  feet  apart. 
Two  furrows  are  then 
thrown  together  on  to 
the    marking    furrow 
and    the   middles   are 
broken  deep  with  a  2- 
horse    middle    breaker 
or    double    mold  board 
plow  (see  fig.  5),  leav- 
ing a  deep,  wide  fur- 
row. 

"  Black  ""  manure  is 
then  hauled  to  the  field,  dumped  into  piles,  distributed  in  the  furrows 
(see  fig.  6),  and  covered  as  rapidly  as  possible  (see  fig.  7)  in  order 
to  prevent  its  drying.     The  covering  is  done  by  running  down  each 


— tield  sbowlng  "  blick  "  mann 


side  of  the  furrow  with  a  bull-tongue,  or  subsoiler,  which  covers  the 
manure  and  again  stirs  the  lower  soil.  The  field  is  then  left  until 
planting  time. 
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Just  before  planting,  a  bull-tongue  plow  is  run  down  the  row  to 
mix  the  manure  with  the  soil  thoroughly  and  to  open  the  furrow  for 


rered  la  coltoD  (urri 


the  reception  of  commercial  fertilizer,  which  is  applied  with  a  dis- 
tributer,    (See    fig.   8.)     Two   furrows  are   then   turned    onto  this 


manure  and  fertilizer,  making  a  low  bed  on  which  the  cotton  planter 
is  run.    This  earlr  application   and  immediat«  covering  of  the 
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"black"  manure  in  a  well-rotted  and  moist  condition,  its  further 
rotting  during  the  eight  or  ten  weeks  before  planting,  and  the 
thorou^  mixing  of  it  with  the  soil  eliminate  all  danger  of  causing 
the  crop  to  "bum"  in  dry  weather,  a  condition  which  is  apt  to 
occur  when  barnyard  manure  is  applied  in  a  coarse,  unrotted  con- 
dition only  a  short  time  before  planting. 

Manure  and  fertilizers. — In  1902  five  2-mule  loads  of  about  1  ton 
each  of  "  black  "  manure  were  used  to  the  acre  in  the  furrows.  This 
amount  has  been  gradually  increased  until  in  1908  seven  loads  per 
acre  were  used.  This  manure  is  partly  purchased  from  a  near-by 
livery  and  sales  stable  and  partly  produced  by  feeding  to  cattle 
roughage  and  grain  grown  on  the  farm. 

In  1902,  1,200  pounds  per  acre  of  commercial  fertilizer  were  used 
at  planting  time.  This  consisted  of  500  pounds  of  13  per  cent  acid 
phosphate,  500  pounds  of  cotton-seed  meal,  and  200  pounds  of  muri- 
ate of  potash.  About  July  1  nitrate  of  soda  was  applied  in  the 
middles  at  the  rate  of  150  to  200  pounds  per  acre.  In  1903  and  100-1 
the  amount  of  fertilizer  used  at  planting  time  was  reduced  to  900 
pounds,  consisting  of  400.  pounds  of  acid  phosphate,  400  pounds  of 
cotton-seed  meal,  and  100  pounds  of  muriate  of  potash.  Since  then 
only  300  pounds  of  acid  phosphate,  300  pounds  of  cotton-seed  meal, 
and  100  pounds  of  muriate  of  potash,  a  total  of  700  pounds  to  the 
acre,  have  been  used  at  planting  time.  The  150  to  200  pounds  of 
nitrate  of  soda  applied  during  the  growing  season  have  been  con- 
tinued each  year.  It  has  now  been  decided  that  the  nitrate  is  not 
needed,  and  its  use  will  be  abandoned  in  the  future. 

Varieties  planted. — ^The  seed  is  planted  about  the  first  week  in  April. 
The  "  King  "  variety  was  used  in  1902,  then  "  Excelsior  "  until  1908, 
when  *'  Money-Maker,"  somewhat  mixed,  was  planted. 

Cultivation. — About  April  15,  or  as  soon  as  the  rows  show  up  well, 
cultivation,  or  "  working  "  the  crop,  begins,  and  continues  as  follows : 

(1)  A  4-toothed  side  harrow  or  cultivator  (see  fig.  8)  is  run  on 
both  sides  of  the  row. 

(2)  As  soon  as  the  third  leaf  begins  to  show  itself,  chopping  begins 
and  the  plants  are  thinned  to  a  stand  of  one  plant  every  2  feet.  At 
a  later  chopping  every  second  plant  is  taken  out  and  the  stand  re- 
duced to  an  average  of  one  plant  every  4  feet  in  the  row.  This  leaves 
the  cotton  plants  4  by  5  feet  apart.  In  1902,  when  the  land  was  poor, 
the  rows  were  run  4  feet  apart  and  the  plants  thinned  to  18  or  20 
inches  in  the  row,  but  as  the  land  became  more  fertile  and  the  phiiits 
grew  larger  it  was  necessary  to  give  them  more  room. 

(3)  The  third  working  consists  in  breaking  the  middles  with  a 
2-horse  plow  or  a  10-inch  straight  shovel. 

(4)  About  a  week  or  ten  days  later  a  24-inch  sweep  is  run  down 
the  rows,  throwing  just  enough  dirt  to  cover  any  small  weeds  that 
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may  be  appearing  in  the  rows.     Previous  to  making  the  rows  5  feet 
apart  an  18-ineh  sweep  was  used  for  this  working. 

(5)  A  little  later  a  24-inch  sweep  is  used,  which  levels  the  ground 
and  destroys  any  weeds  that  may  be  appearing. 

(6)  Three  more  workings  are  given  with  the  24-inch  sweep. 

The  deep  furrow  that  is  made  for  the  reception  of  the  stable  manure 
at  the  time  of  preparation  for  the  crop  is  not  entirely  filled  up  in 
bedding  for  the  seed.  This  results  in  the  cotton  being  planted  in  a 
shallow  furrow.  Thi.^  method  of  planting  lessens  the  amount  of 
chopping  or  hand  work  necessary,  for  when  the  sweeps  are  run  down 
the  rows  enough  soil  is  allowed  to  fall  into  the  depression  or  furrow 
to  cover  any  weeds  that  may  be  starting,  and  when  cultivation  ceases 
the  land  is  left  practically  level.  This  method  of  planting  would 
not  be  advisable  on  close,  stiff  soil,  as  there  would  be  danger  of  water 
settling  in  the  furrow  after  heavy  rains  and  injuring  the  plants. 
Neither  could  it  be  used  on  low  lands  where  it  is  necessary  to  throw 
up  ridges  or  beds  in  order  to  plant  early. 

CORN. 

Preparation  of  the  soil. — The  cotton  stalks  are  cut  down  with  a  stalk 
cutter  and  the  land  is  plowed  for  com  in  December.  The  plowing  is 
the  same  as  for  cotton,  namely,  broadcast  in  60-foot  beds  10  inches 
deep  with  a  turn  plow,  and  subsoiled  7  inches  deeper. 

Planting. — ^About  March  1  the  land  is  laid  off  by  running  furrows  6 
feet  apart  with  a  2-horse  opening  plow,  or  middle  breaker,  as  deep 
as  2  mules  can  pull  it.  The  seed  is  then  planted  in  the  furrow.  (See 
fig.  9.)  In  1902  the  corn  was  dropped  3  feet  apart  in  the  row;  but 
as  the  soil  has  gradually  improved  the  distance  has  been  lessened  to 
15  or  18  inches. 

Fertilizers. — In  1902-^,  200  pounds  of  a  guano  analyzing  8  f>er  cent 
of  phosphoric  acid,  4  per  cent  of  ammonia,  and  4  per  cent  of  potash 
weiT  distributed  in  the  furrows  at  planting  time.  This  practice  was 
discontinued  in  1904.  About  June  15,  or  when  the  ears  begin  to 
shoot,  a  mixture  of  200  pounds  of  13  per  cent  acid  phosphate,  200 
pounds  of  cotton-seed  meal,  and  100  pounds  of  muriate  of  ]>otash 
is  scattered  by  hand  beside  the  corn  and  worked  into  the  soil. 

Cultivation. — The  care  of  the  growing  crop  is  as  follows: 

(1)  About  April  1  a  furrow  is  broken  out  down  the  middles  or 
between  the  rows  of  corn  with  a  10-inch  straight  shovel. 

(2)  May  1  to  10  a  1-horse  plow  with  wings  removed  and  fender 
attached  is  run  down  the  planting  furrow  about  2  inches  from  the 
com.  the  fender  keeping  the  soil  from  the  com  and  the  point  simply 
stirring  the  soil  without  making  a  furrow. 
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(3)  About  May  15  a  l-horse  plow  with  a  small  wing  is  run  around 
the  com.  This  stirs  the  soil  and  makes  a  little  bank  next  the  corn, 
but  throws  no  soil  to  it. 

(4)  About  June  1  a  1-horee  plow  with  a  longer  wing  is  run  around 
the  com  in  such  a  way  as  to  throw  some  soil  into  the  middle  furrow 
to  cover  any  grass  that  may  have  started.  This  also  raises  the  bank 
a  little  next  to  the  corn,  but  throws  no  soil  to  the  com, 

(5)  About  June  15,  or  at  ear-shooting  time,  if  a  crust  has  formed 
in  the  center  furrow  it  is  broken.  Peas  are  sown  in  the  furrow  and 
fertilizer  is  dropped  next  to  the  com  by  hand,  then  one  round  with 


a  30-inch  sweep  covers  the  peas  and  fertilizer  and  levels  the  laud. 
This  completes  the  cultivation. 

Since  lfl05  the  third  and  fourth  workings  have  l)een  omitted  and 
the  crop  has  been  made  with  only  three  workings,  nnniely,  splitting 
the  middles,  running  around  the  com  once  with  a  Dixie  point  and 
fender,  and  covering  the  pens  and  the  fertilizer  and  leveling  the  soil 
with  a  30-inch  sweep. 

Harvestiiig. — The  fodder  is  pulled  by  hand.  In  September  the  ears 
are  broken  off  and  hauled  in  and  the  stalks,  the  pea  vin&s.  and  such 
crab-grass  as  may  have  grown  are  cut  with  a  mower.  The  coarser 
stalks  are  .separated  in  the  curing  of  the  hay  nnd  hauled  to  the  cattle 
shed  for  bedding,  the  hay  being  used  for  feeding. 
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The  first  crop  of  oats  was  planted  in  January,  i9(S,  on  field  C. 
The  land  was  plowed  shallow  and  harrowed,  then  2  bushels  of  oats 
were  drilled  in  with  150  pounds  of  fertilizer  (one-third  each  of  acid 
phosphate,  cotton-seed  meal,  and  kainit).  The  yield  obtained  was 
10  bushels  per  acre.  This  oat  crop  was  followed  by  a  crop  of  cow- 
peas,  which  were  cut  for  hay, 

Oats  were  again  sown  on  the  field  in  October,  1903,  on  the  pea 
stubble.  This  crop  was  fertilized  at  planting  time  with  500  pounds 
of  acid  phosphate  per  acre  and  in  the  spring  with  a  dressing  of  100 


KiG.  10.— Field  o(  osiB  plsDted  b»  plowlne  under  shallow. 

pounds  of  nitrate  of  soda.  The  yield  was  45  bushels  per  acre.  Sub- 
sequent oat  crops  have  been  fertilized  in  the  spring  only,  and  tbeo 
witli  200  pounds  of  nitrate  of  soda,  until  1908,  when  the  soda  wis 
omitted. 

Since  1!>02  oats  have  been  sown  broadcast  on  the  com  and  pea 
stubble  in  October  and  plowed  under  by  turning  a  broad,  shallow 
furrow.  The  field  is  then  harrowed.  When  the  oats  are  plowed 
under  in  this  manner  they  roll  to  the  lower  side  of  the  furrow  slice, 
and  when  they  come  up  the  field  has  the  appearance  of  having  been 
drilled.     (See  fig.  10.)     The  oats  are  harvested  with  a  binder. 
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COWPEAS. 

In  June,  after  the  oat  crop  is  harvested,  cowpeas  are  sown  broad- 
cast on  the  oat  stubble  and  plowed  under  by  turning  a  wide,  shallow 
furrow.  No  fertilizer  is  used.  The  yields  have  averaged  about  2 
tons  of  hay  to  the  acre. 

Cowpeas  are  planted  between  the  rows  of  com  at  the  last  working 
of  the  com.  Seed  is  saved  from  them.  Previous  to  1907, 150  to  200 
bushels  of  seed  have  been  harvested  each  year  from  the  22  acres 
planted.  In  1907  only  100  bushels  were  gathered,  and  in  1908  the 
peas  made  no  grain.  There  has  been  more  or  less  pea  wilt  each  year, 
which  has  reduced  the  yield  of  seed.  The  cowpeas  usually  make  a 
good  growth  of  vine,  the  wilt  not  attacking  them  until  just  before 
fruiting.  The  peas,  which  are  sown  after  oats,  are  cut  for  hay  before 
the  vines  are  destroyed  by  the  wilt,  so  that  the  crop  is  not  a  total 
loss.  Next  year  the  Iron  cowpea  will  be  used,  on  account  of  its  wilt- 
resistant  character. 

In  making  cowpeas  into  hay  the  vines  are  cut  with  a  mowing  ma- 
chine, then  stakes  are  driven  in  the  ground  to  stand  about  4  feet 
high.  The  vines  are  then  piled  on  these  stakes.  The  stakes  keep 
the  vines  up  from  the  ground  and  allow  a  free  circulation  of  air 
through  the  pile.  The  vines  cure  in  about  a  week,  and  are  then  re- 
moved to  the  bam  or  sold  directly  from  the  field. 

IIVE  STOCK. 

A  feature  of  this  farm  found  on  comparatively  few  southern 
farms  is  the  feeding  of  cattle  primarily  for  the  production  of 
"  black  "  manure,  to  be  used  under  cotton.  An  average  of  twenty- 
five  head  of  native  stock  is  carried  through  the  year,  though  the 
number  varies  at  times  from  twelve  to  fifty,  according  to  the  rapidity 
with  which  the  cattle  are  brought  in  and  turned  oflf.  These  cattle 
average  600  pounds  in  weight  when  purchased,  and  are  fed  on  cotton- 
seed hulls  and  meal,  oat  straw,  cornshucks,  and  other  roughage. 
The  cattle  have  been  kept  in  open  yards  until  the  present  year,  when 
a  shed  was  built  for  their  protection  and  for  the  protection  of  the 
manure.     (See  fig.  4,  p.  10.) 

The  cattle  are  given  the  run  of  the  fields  between  harvest  and  the 
preparation  for  the  next  crop.  Cornstalks,  straw,  and  cotton  motes 
(cotton-gin  refuse)  are  spread  over  the  ground  in  the  yards  and 
under  the  sheds  as  bedding  and  absorbents.  The  manure  accumu- 
lates during  the  year,  and  is  hauled  out  in  January  and  applied  to  the 
cotton  land.  The  manure  from  the  cattle,  together  with  that  from  the 
four  work  mules  and  the  two  stock  sows  and  their  progeny,  amounts  to 
from  seventy-five  to  one  hundred  2-mule  loads  a  year.  In  addition 
to  this,  forty  to  sixty  loads  are  purchased  from  a  near-by  livery  and 
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feed  stable.  This  manure,  together  with  the  cowpea  stubble,  has 
been  the  leading  factor  in  increasing  the  fertility  of  the  soil  and 
thereby  increasing  crop  products  and  [Hrofits. 

EQVIPMEirT  OF  TEE  FABM. 

This  farm  carries  four  work  mules  and  employs  four  contract 
hands,  a  force  larger  than  is  necessary  for  the  actual  work  of  the 
farm.  When  the  laborers  are  not  needed  on  the  farm  they  are  kept 
busy  at  outside  work,  at  which  they  earn  sufficient  to  greatly  reduce 
their  cost  to  the  farm. 

A  statement  of  the  tool  and  machine  equipment  of  the  farm  and 
its  value  on  January  1, 1908,  follows: 


Amoaat  brought  forward $56. 70 

One  stalk  cntter 35.00 

One  tertlUaer  dlstributa'. 7.00 

One  cotton  planter 8.00 

Two  4-toothed  side  cultivators.      5. 00 

Two  2-hor8e  wagons 100.00 

One  mower 40.00 

One  hayrake 20.00 

One  binder 115.00 

The   usual    small   tools,    boes, 
rakes,  forks,  etc 10.00 


Total 39ft.  70 


Two  2-hor8e  plows $20.00 

One  opening  plow  or  "middle 
buster  " 10. 00 

Three  l-borse  plows 4.50 

One  8-section    smoothing  har- 
row  (slant-tooth) 14.00 

Three     iron  -  headed     scraper 

stocks 8. 00 

Attachments  for  scraper  stocks : 

Two  18-inch  sweeps 

Two  24-inch  sweeps 

Two  30-inch  sweeps 

One      5 -inch      straight  I        5.20 

shovel 

One      10-inch      straight 
shovel 


COST  AND  VALTTE  OF  CBOPS  PBODITCED  IN  1908. 

Cost  of  production  of  crops  in  1908, 

LABOB. 

4  men,  12  months  (cash,  rations,  house  rent) $600.00 

Picking  60  bales  of  cotton 375.00 

Ginning  50  bales  of  cotton,  at  $1.26 02.50 

4  mules'  feed  (raised  on  farm) 400.00 

FEBTILIZEB. 

61  tons  of  acid  pliosphate,  at  $12.25 $07.88 

6i  tons  of  cotton-seed  meal  (raised  on  farm),  at  $24 132.00 

2.2  tons  of  muriate  of  potash,  at  $42.50 93.60 

1.93  tons  of  nitrate  of  soda,  at  $53.50 103.25 

$396.13 

MANX7RE. 

164    loads   for   cotton    (55   bought,   99    produced    on    farm), 

at  $1.50. 231.00 

027.13 
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% 


Amount  brought  forward i $2,064  63 


SEEDS. 


22  bushels  of  cotton,  at  26  cents $5.50 

5  bushels  of  com  (grown  on  farm),  at  $1 5.00 

44  bushels  of  oats  (grown  on  farm),  at  75  cents 33.00 

55  bushels  of  cowpeas  (grown  on  farm),  at  $2 110.00 


158.60 


MISCELLANEOUS. 


Rugging  and  ties  for  50  bales  of  cotton,  at  75  cents 87.60 

Interest  on  66  acres,  valued  at  $1(X)  per  acre,  at  8  per  cent 528.00 

Interest  and  depreciation  on  machinery,  at  18  per  cent 71.41 


Total  cost  of  crop  production 2,865.04 

Quantity  and  value  of  crops  and  farm  products  produced  in  1908, 

FIELD   A. 

50  bales  of  cotton,  at  $42.50 . $2, 126. 00 

25  tons  of  cotton  seed  exchanged  for  18f  tons  of  cotton-seed  meal, 

at  $24 460.00 

FIELD   B. 

1,800  bushels  of  oats,  at  75  cents 1,350.00 

54  tons  of  oat  straw,  at  $10 540.00 

44  tons  of  cowpea  hay,  at  $15 660.00 

FIELD  C. 

1,364  bushels  of  com,  at  $1 1,864.00 

2i  tons  of  puDed  fodder,  at  $25 68.75 


Total  value  of  crops  produced 6,557.75 

Total  cost  of  production ,^ 2,855.04 


Net  value  of  crops  produced 3,702.71 

PORK. 

4J0OO   ponnds   of  pork   were  produced,    having   a    market 

value  of $320. 00 

Estimated  cost  of  production  of  pork  on  farm  refuse 160. 00 


Net  proceeds  on  pork 160.00 


Net  proceeds  from  farm 3,862.71 

No  financial  statement  of  the  stock- feeding  operations  is  given,  as 
there  are  not  sufficient  data  at  hand.  The  owner  states  that  there  is 
a  small  profit  on  the  feeding  and  that  the  manure  is  produced  without 
cost. 

USE  OF  FEBTILIZEBS. 

Table  II  gives  the  total  amounts  and  the  cost  of  fertilizers  and 
manure  applied  to  and  the  yields  of  the  three  cotton  crops  grown  on 
field  A  daring  the  period  from  1902  to  1908. 
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■>  • 

■Comparison  of  yields  of  cotton  vHth  quantity  and  cost  of  fertilisen 
and  manure  applied  directly  to  the  crop  on  field  A, 


Year. 


Fertilizer 

used 
per  acre. 


1902 
1905 

1908 


Pound*, 
1,876 

875 
875 


Manure 

used 
per  acre. 


Cost  of 

fertilizer 

per  acre. 


Yield  «rf 

cotton 

per  acre. 


y£W. 


f902 


/905 


9908 


FERTfUZER 
P£P  JiCR£. 

£,375,  POUNDS. 


e75  POUNDS. 


675  POUNDS. 


y/£LD  or  COTTON 


This  table  shows  that  the  total  quantity  of  commercial  fertilizer 
«eed  per  acre  in  1908  was  500  pounds,  or  a  little  more  than  36  per 
cent,  less  than  in  1902;  the  amount  of  stable  manure  was  increased 
by  2  tons  per  acre,  or  40  per  cent.  The  cost  of  manure  and  fertilizer 
has  increased  only  $2.31,  due  to  increase  in  market  price,  while  there 

has  been  a  steady  in- 
crease in  the  yield 
of  cotton,  amounting 
in  1908  to  a  little 
more  than  two-thirds 
of  a  bale  per  acre,  or 
42  per  cent,  over  the 
yield  of  1902.  Figure 
11  presents  graphic- 
ally the  relation  to  the  yields  of  cotton  of  the  commercial  fertilizer 
used. 

This  increase  in  yield  with  the  diminished  quantity  of  fertilizer  is 
to  be  accounted  for  very  largely  by  the  increased  fertility  due  to  the 
nitrogen-bearing  humus  furnished  by  the  four  cowpea  crops  inter- 
vening between  1902  and  1908  and  by  the  liberal  amounts  of  barn- 
yard  manure   applied 


f.S  BML£S. 


2J4^  BJILES. 


Z27  BALES. 


Fia.  11. — Diagram  showing  the  relation  of  the  quantity  of 
commercial  fertilizer  used  to  yields  of  cotton  on  field  A. 


yjc-AO    FER77UZER 
y£AR,    p£R /iCRE 


y/£LD  or  CORN 


tsoz 


tS04^ 


700  POUNDS, 


SOO  POUNDS, 


37  BUSHOS. 


85  BUSHELS. 


to  the  soil.  Thorough 
tillage  has  also  un- 
doubtedly played  its 
part. 

Figure    12    gives    a 

.      .^  ^.  -  SOO  POUNDS, 

Similar  comparison  of    iSC7  WKKKtk 

fertilizer       and       yield  ^'O-  l-- — Diagram  showing  the  relation  of  the  quantity  of 
i        ,  1        ,  V  £.        commercial  fertilizer  used  to  yields  of  corn  on  field  B. 

for  the  three  crops  of 

corn  grown  on  field  B.  This  diagram  shows  a  decrease  of  200  pounds, 
or  28.1  per  cent,  in  the  amount  of  fertilizer  applied  to  corn  from  1902 
to  1907,  and  at  the  same  time  an  increase  in  yield  of  48  bushels  per 
acre,  or  about  130  per  cent.  This  is  to  be  accounted  for,  as  in  the  cai?e 
of  the  cotton  on  field  A,  partly  by  thorough  tillage  and  very  largely 
by  the  cow  i)ea  stubble  and  barnyard  manure  turned  into  the  soil  dur- 
ing the  period  from  1902  to  1908. 
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RECOMMENDATIONS  BEOABDINO  WINTEB  COVEB  CBORL 

It  will  be  noticed  that  the  present  system  of  crop  management  on 
this  farm — plowing  the  cotton  land  for  com  in  December  and  plow- 
ing the  cowpea  stubble  in  November,  then  furrowing  and  applying 
manure  for  cotton  in  January — interferes  with  growing  winter  cover 
crops. 

In  consequence,  during  two  winters  out  of  three  the  land  is  with- 
out a  cover.  It  is  suggested  that  this  winter  cover  might  be  accom- 
plished as  follows : 

After  cutting  the  cowpeas  for  hay,  plow  or  thoroughly  disk  the 
land  the  last  of  September  or  early  in  October  and  sow  vetch,  bur 
clover,  or  crimson  clover.  The  vetch  or  bur  clover  could  be  planted 
at  the  time  of  planting  the  peas  and  thus  save  the  extra  plowing  or 
disking  in  the  fall,  for  seeds  of  these  crops  usually  do  not  germinate 
until  cool  weather,  while  the  crimson  clover  if  planted  too  early  is 
apt  to  come  up  and  be  injured  by  the  hot  sun  or  by  drought.  Broad- 
cast manure  on  this  winter  crop  during  the  winter  and  turn  all  under 
the  latter  part  of  February  or  early  March. 

Vetch  or  bur  clover  might  be  sown  in  the  cotton  at  the  last  work- 
ing. This  would  come  up  at  its  proper  season  and  form  a  winter 
cover.  The  cotton  stalks  could  be  cut  down  any  time  during  the 
winter  and  the  land  plowed  for  corn  after  the  cotton  land  is  prepared. 
The  growing  of  these  winter  legumes  on  the  land,  besides  the  great 
benefit  to  be  derived  from  the  humus  itself,  would  so  supplement 
the  work  of  the  cowpea  in  furnishing  nitrogen-bearing  humus  to  the 
soil  as  to  eliminate  the  necessity  of  purchasing  any  nitrogen  in  com- 
mercial fertilizer. 

In  undertaking  a  change  like  this  it  would  be  advisable  to  make  it 
gradually,  as  it  would  be  necessary  to  get  the  soil  inoculated  for  these 
legumes  before  they  could  be  grown  to  best  advantage,  and  that  would 
necessarily  take  some  time  to  accomplish  on  a  large  scale.  Also,  it 
would  be  well  to  avoid  the  possibilities  of  disaster  from  introducing 
radical  changes  on  a  large  scale. 

For  farms  which  are  so  located  or  equipped  that  use  can  not  be 
made  of  barnyard  manure,  the  growing  of  legumes,  both  winter  and 
summer,  is  strongly  advised  on  account  of  their  great  influence  on 
soil  fertility  by  furnishing  the  soil  with  nitrogen-bearing  humus. 

SVMMABY. 

The  important  features  to  be  noted  in  the  management  of  the  farm 
described  are  as  follows : 

(1)  The  straightening  of  the  field  borders,  the  clearing  away  of 
bushes  and  scrubby  trees,  the  filling  of  gullies,  and  the  getting  of  the 
fields  into  better  shape  for  cropping  operations. 
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(2)  The  deep  plowing  in  broad,  gently  sloping  lands,  instead  of 
terracing,  to  control  surface  water  and  prevent  the  formation  of 
gullies. 

(3)  The  deep  and  thorough  system  of  soil  preparation  for  crops 
by  broadcast  plowing  and  subsoiling. 

(4)  The  adoption  and  practice  of  a  systematic  rotation  of  crops, 
including  money  crops  (cotton  is  the  principal  money  crop),  feeding 
crops  (corn,  oats,  cowpeas),  cleansing  crops  (the  clean -cultivated 
com  and  cotton),  and  a  manurial  crop  (cowpeas),  thus  providing 
for  the  maintenance  of  soil  fertility  and  for  a  liberal  cash  revenue 
besides  the  necessary  hay  and  grain  for  maintaining  the  work  stock 
and  a  small  herd  of  cattle  and  hogs. 

(5)  The  feeding  of  cattle  and  hogs  for  the  purpose  of  converting 
a  part  of  the  grain  and  roughage  of  the  farm  into  animal  products 
for  sale  and  into  manure  for  the  maintenance  of  soil  fertility. 

(6)  The  building  of  a  cattle  shed  for  the  comfort  of  the  stock  and 
for  the  protection  of  the  manure  from  leaching  rains  and  burning 
sun. 

(7)  The  maintenance  of  and  the  increase  in  the  supply  of  humus 
in  ^he  soil  by  the  use  of  barnyard  manure  and  the  plowing  in  of 
vegetable  material  for  the  control  of  moisture,  plant  food,  ventilation, 
and  germ  life,  most  important  factors  of  soil  fertility. 

(8)  The  application  of  barnyard  manure  to  the  cotton  land  in  a 
rotted  and  moist  condition,  covering  it  immediately  two  or  three 
months  before  planting,  and  the  thorough  mixing  of  the  manure  with  . 
the  soil  before  putting  in  the  crop,  thereby  diminishing,  if  not  en- 
tirely eliminating,  the  tendency  of  the  crop  to  "  burn,"  which  often 
occurs  in  dry  seasons  when  the  crop  is  planted  on  recently  applied 
coarse  manure. 

(9)  The  greater  space  given  each  individual  cotton  plant  as  the 
soil  became  more  fertile  and  the  plants  grew  larger,  thus  giving  room 
for  large,  well-branched,  heavily  fruited  plants. 

(10)  The  closer  planting  of  the  more  slender  growing  com  as  the 
soil  became  more  fertile,  thus  insuring  a  greater  number  of  stalks 
to  the  acre  and  increasing  the  possibility  of  securing  larger  yields. 

(11)  The  immediate  good  results  the  first  year  of  the  present  man- 
agement indicated  by  yields  of  1^  bales  of  cotton  per  acre  and  37 
bushels  of  corn  per  acre,  as  compared  with  previous  yields  of  300 
pounds  of  seed  cotton  and  5  to  8  bushels  of  com  per  acre. 

(12)  The  continued  increase  in  crop  yields  accompanying  a  de- 
crease in  the  amount  of  commercial  fertilizer  used,  the  cotton  yield 
increasing  from  1.6  bales  per  acre  in  1902  to  2.27  bales  per  acre  in 
1908  with  500  pounds  less  of  commercial  fertilizer,  the  com  yield 
running  up  from  37  bushels  in  1902  to  85  bushels  per  acre  in  1907 
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with  200  pounds  less  of  commercial  fertilizer,  and  the  oat  yield  in- 
creasing from  10  bushels  per  acre  with  150  pounds  of  commercial 
fertilizer  in  1902  to  80  bushels  per  acre  in  1908  without  a  pound  of 
commercial  fertilizer. 

(13)  The  substantial  and  gratifying  financial  returns. 

SOKE  FEATVBES  OF  THE  SYSTEM  OF  KANAOEMEITT  DESCBIBED 

APPUCABLE  TO  MANT  FABMS. 

While  the  system  of  managing  this  farm  could  be  carried  out  in 
detail  on  comparatively  few  other  farms,  one  or  more  of  the  main 
features  of  the  system  are  applicable  to  nearly  every  farm  in  the  cot- 
ton belt. 

Crop  rotation  can  be  introduced  with  advantage  on  every  farm 
not  already  practicing  it.  On  nearly  every  farm  it  would  be  eco- 
nomical to  grow  the  grain  and  forage  necessary  for  home  consump- 
tion, and  it  would  be  profitable  to  grow  some  for  market  also.  Some 
form  of  stock  raising,  dairying,  mule  raising,  or  cattle  feeding  could 
be  made  at  least  self-sustaining  and  indirectly  profitable  through  its 
influence  on  soil  fertility. 


[A  list  giyinfr  the  titles  of  all  Farmere*  Bulletins  available  for  distribution  will  be 
sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of  Agriculture.] 
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LETTER  OF  TRANSMITTAL  - 


U.  S.  Department  op  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D.  C,  May  6^  1909. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"  Farm  Management  in  Northern  Potato-Growing  Sections,"  pre- 
pared by  Mr.  Lawrence  G.  Dodge,  of  the  Office  of  Farm  Management 
of  this  Bureau,  and  to  recommend  its  publication  as  a  Farmers'  Bul- 
letin. 

This  manuscript  deals  with  the  potato  crop  as  a  part  of  a  system  of 
farming,  and  gives  special  attention  to  the  system  of  farming  pre- 
vailing in  Aroostook  County,  Maine,  where  potato  growing  is  perhaps 
more  highly  developed  than  in  any  other  section  of  the  United  States. 
It  is  hoped  to  publish  later  bulletins  giving  specific  instructions  for 
the  growing  of  potatoes  in  various  sections  of  the  United  States. 
Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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FARM  MANAGEMENT  IN  NORTHERN  POTATO- 
GROWING  SECTIONS. 


INTBODXrCTIOH. 

The  white  potato,  often  known  as  the  Irish  potato,  is  grown  to 
some  extent  in  every  State  in  the  Union.  It  plays  an  important  part 
in  fanning,  however,  in  the  Northern  States  only,  and  throughout 
the  North  when  the  word  "potato"  is  used  it  refers  to  the  white 
potato.  The  leading  potato-growing  States  of  the  country,  those 
where  the  crop  is  at  home  and  where  it  forms  an  important  farm 
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Fio.  1. — Map  of  the  northeastern  portion  of  the  United  States,  showing  (the  order  of 
production  being  underlined)  the  ten  leading  potato-growing  States  and  their  production 
of  potatoes  in  million  bushels  In  1908. 

crop,  are  the  two  northern  tiers  of  States  east  of  the  one  hundredth 
meridian.  (See  fig.  1.)  Besides  this  region  there  are  several  States 
growing  large  quantities  of  potatoes,  but  not  at  all  comparable  with 
the  district  mentioned. 

There  are  several  States  along  the  Atlantic  and  Gulf  coasts  where 
potatoes  are  an  important  crop,  but  in  those  States  they  must  be 
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reckoned  as  truck  crops  in  the  majority  of  cases  rather  than  as  a 
general  farm  crop.  In  the  Western  States  the  white  potato  figures 
largely  as  an  irrigated  crop,  but  on  account  of  the  restricted  localities 
where  irrigation  is  possible  here  again  the  potato  crop  must  be 
reckoned  as  a  specialized  industry. 

It  is  not  the  intention  in  this  bulletin  to  treat  of  specialized  potato 
growing  such  as  occurs  on  truck  farms  or  in  irrigated  sections  further 
than  to  refer  to  it  in  its  relation  to  the  crop  as  grown  in  the  ten  lead- 
ing States. 

STATISTICS  OF  POTATO  GBOWINa  IN  THE  UNITED  STATES. 

The  production  of  potatoes  in  the  ten  leading  potato-growing 
States  in  1908,  together  with  their  total  acreage  and  average  yields 
per  acre,  is  presented  in  the  following  table : 

Table  I. — Production  of  potatoes  in  each  of  the  ten  leading  potato-^rou^ing 
States  of  the  United  States  in  1908,  with  total  area  planted  and  average  yield 
to  the  acre  for  the  year  specified  and  for  ten  years,  compared  with  the  sawie 
statistics  of  production  for  the  United  States  as  a  whole. 


state. 


New  York 

Maine • 

Michigan 

Wisconsin 

Pennsylvania 

Ohio .- 

Iowa 

Illinois 

Minnesota 

Nebraska 

Total  in  ten  States 

Total  in  all  the  States  and  Territories  of  the 
United  States 


Area 

planted  in 

1906. 

Ayenge 

yield  to 

the  acre 

in  1908. 

Ayerage 

Tleldto 

the  acre 

for  ten 

years. 

Acrt8. 

ButheU. 

BvshfU. 

425,000 

82 

85 

116,000 

225 

177 

325,000 

72 

84 

252,000 

80 

91 

277,000 

72 

83 

170,000 

77 

81 

141,000 

80 

88 

156.000 

71 

85 

145,000 

76 

86 

91,000 

78 

84 

2,098,000 

84.8 

89.2 

8,257,000 

85.7 

90 

Total  pto- 

dactionio 

1906. 


S4, 850,000 
26,100.006 
23.400.000 

20, 160,  on 

19,944.000 
13»O90.000 
11,280,000 
11,076.000 

ii,a»,ooo 

7,096,000 
178,018,000 
278,965,000 


A  glance  at  this  table  shows  that  the  average  yield  in  Maine,  225 
bushels  per  acre,  is  considerably  more  than  for  any  of  the  other 
nine  States,  while  no  other  State  of  the  ten  here  listed  shows  an 
average  yield  for  1908  of  more  than  82  bushels.  These  conditions 
are  not  peculiar  to  the  extreme  season  of  1908;  the  average  yield  for 
the  past  ten  years  shows  that  the  production  per  acre  in  Maine  is 
nearly  twice  that  of  any  of  the  other  nine  States  enumerated,  though 
there  does  not  seem  to  be  sufficient  difference  in  the  climatic  or  other 
natural  conditions  to  account  for  this  wide  variation. 


IKPOBTANCE  OF  THE  POTATO  CBOP  IN  THE  NOBTHERN  STATB5. 

The  potato  crop  holds  the  most  important  place  in  the  general 
farming  of  the  Northern  States  as  a  whole  in  point  of  cash  returns 
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to  the  acre.  The  potato  not  only  thrives  best  in  the  cool  climate  of 
these  States,  but  at  the  same  time  is  very  productive  where  the  cli- 
mate almost  forbids  com  growing.  Consequently,  in  those  Northern 
States  where  live-stock  farming  predominates  the  potato  is  likely 
to  be  the  one  crop  grown  to  sell,  all  the  other  crops  being  fed  to 
stock. 

In  many  localities  in  these  Northern  States  the  potatoes  are  all  con- 
sumed near  the  place  of  production,  but  through  those  States  as  a 
whole  the  crop  is  grown  in  such  quantities  as  to  be  shipped  exten- 
sively to  other  parts  of  the  country.  They  are  not  only  sent  by  the 
carload  and  boatload  into  the  large  cities  both  at  the  North  and 
South,  but  from  these  States  is  shipped  the  supply  of  seed  stock 
required  by  those  sections  of  the  South  where  early  potatoes  are 
grown  as  a  truck  crop.  Some  of  those  southern  localities  demand 
new  seed  from  the  North  every  year,  and  all  of  them  are  compelled  to 
renew  their  seed  at  frequent  intervals.  On  the  Gulf  coast,  for  in- 
stance, seed  grown  in  the  North  the  previous  season  will  usually 
produce  a  crop  from  one  to  two  weeks  earlier  than  seed  which  has 
been  grown  in  the  South  even  for  one  year. 

METHODS  EMPLOTED  IS  OBOWDrO  POTATOES  IN  ABOOSTOOE 

COUATY,  KAINE. 


In  view  of  the  various  yields  of  potatoes  in  the  different  States  it 
seems  worth  while  to  inquire  into  the  reasons  for  the  high  standard 
of  potato  culture  in  Maine.  The  largest  potato-growing  county  in 
the  United  States  is  Aroostook,  in  the  northernmost  part  of  Maine, 
and  in  fact  the  northernmost  part  of  the  United  States  east  of  the 
Great  Lakes.  While  potatoes  are  grown  to  some  extent  over  the 
southern  and  western  parts  of  Maine,  the  great  bulk  of  the  crop  for 
the  State  is  produced  in  this  one  county,  probably  18,000,000  or 
20,000,000  bushels  out  of  the  1908  crop  being  grown  there.  From 
careful  observation  of  the  growing  of  the  potato  crop  in  Aroostook 
County  it  appears  that  the  yield  there  averages  about  275  bushels 
(100  barrels)  per  acre. 

Aroostook  County  has  no  special  market  advantages  for  disposing 
of  its  crop,  but,  on  the  contrary,  is  some  350  miles  or  more  by  rail 
from  Boston  and  more  than  100  miles  from  tidewater.  From  IIoul- 
ton,  which  is  at  the  nearer  or  southern  end  of  the  section,  freight  to 
New  York  by  rail  amounts  to  42  cents  a  barrel  (165  pounds),  and  as 
potatoes  are  frequently  put  up  in  barrel  sacks  costing  10  cents  apiece, 
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the  expense  for  each  barrel  amounts  to  52  cents.  From  other  towns 
farther  north  the  freight  is  still  more.  The  greater  part  of  the  year 
is  required  to  ship  all  the  potatoes  out  of  that  locality,  shipping  usu- 
ally commencing  the  latter  part  of  August  and  lasting  until  late  in 
June. 

CLIMATE,   SOIL,   ETC. 

The  climate  of  Aroostook  County  is  cold,  with  a  short  growing 
season,  the  effect  of  which  is  probably  felt  more  in  hindering  the  suc- 
cessful production  of  other  crops  than  in  the  advantage  to  the  potato 
crop.  The  soil  is  in  general  a  friable  loam  containing  a  good  many 
loose,  small  stones,  and  though  the  general  character  of  the  soil  is  said 
to  be  quite  similar  over  the  surrounding  territory,  potato  growing  is 
mainly  confined  at  present  to  a  strip  of  country  some  25  miles  wide 
and  perhaps  100  miles  long  near  the  New  Brunswick  border,  the  re- 
maining portion  of  similar  land  still  being  a  lumbering  section.  The 
upland,  which  was  formerly  covered  with  beech  and  maple  for^,  is 
the  most  suitable  for  potato  growing,  for  it  is  naturally  well  drained. 
The  rainfall  is  heavy  and  the  drier  seasons  are  the  most  prosperous 
ones  for  the  potato  growers. 

BOTATION  OF  CBOPS. 

The  general  methods  of  potato  culture  in  use  have  developed  during 
the  past  fifteen  years,  or  a  little  more,  and  are  followed  with  consider- 
able uniformity  throughout  the  section.  The  rotation  is  a  simple  one, 
but  is  undoubtedly  the  foundation  of  the  success  of  the  growers.  Po- 
tatoes are  grown  on  any  piece  of  land  only  one  year  as  a  rule  and  are 
followed  by  one  crop  of  oats  or  spring  wheat,  with  which  are  sown 
clover  and  timothy  for  hay.  This  crop  is  cut  for  hay  one  year  by 
many  of  the  best  farmers  and  plowed  in  the  fall  for  a  new  potato 
crop.  The  furrow  is  usually  turned  to  a  depth  of  7  or  8  inches,  and 
on  most  of  the  farms  this  work  is  done  with  a  reversible  sulky  plow, 
an  implement  admirably  adapted  to  working  on  sidehUls.  Some 
growers  like  their  hay  fields  to  stand  a  second  year  before  plowing, 
but  rarely  longer  than  that,  for  the  land  is  in  too  much  demand  for 
potatoes  to  continue  it  in  grass  more  than  two  years. 

The  sod,  usually  containing  a  large  amount  of  clover  which  was 
plowed  the  previous  fall,  is  harrowed  in  the  spring  as  soon  as  the 
season  permits,  usually  being  worked  over  thoroughly  four  times  in 
all  with  a  disk  harrow  followed  by  a  spring-tooth  harrow. 

PLANTING. 

Planting  is  done  from  the  15th  or  20th  of  May  to  the  1st  of  June, 
using  about  5  barrels  of  seed  to  the  acre;  that  is,  13  or  14  bushels. 
The  seed  is  cut  by  hand  into  pieces  containing  about  two  eyes  and  of 
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such  a  size  as  to  feed  readily  through  a  planter,  and  is  dropped  by 
the  planter  in  rows  about  33  inches  apart  and  irom  12  to  15  inch&s 


i(  the  picker  Ijpc. 


apart  in  the  row,  so  that  the  ground  is  entirely  occupied  witli  the 
crop  and  the  vines  in  midseason  meet  in  the  rows. 


Fla.  3. — Potato  planter  of  the  type  operated  by  two  men. 

There  are  two  prevailing  types  of  planter,  in  one  of  which  the  seed 
pieces  are  distributed  by  steel  forks  or  pickers  and  in  the  other  by 

88566— Bull.  3» 
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pockets  in  a  revolving  disk.  Both  types  are  two-horse  machines,  the 
former  being  operated  by  one  man  and  the  latter  requiring  a  second 
man  to  attend  to  the  seed  distribution,  but  insuring  a  more  perfect 
stand.  Either  type  will  plant  about  5  acres  per  day.  (See  figs.  2 
and  3.)  The  planter  at  the  same  time  distributes  the  fertilizer,  frc«n 
1,200  to  1,500  pounds  per  acre  usually  being  applied.  This  amount 
of  fertilizer  can  be  safely  used  directly  in  the  drills.  The  fertilizer 
commonly  used  contains  about  3  per  cent  of  nitr(^n,  7  or  8  per  cent 
of  phosphoric  acid,  and  9  or  10  per  cent  of  potash. 

CT7I.TIVATI0N. 

About  the  time  that  planting  is  finished  the  larger  grower  usually 
conimeuces  cultivction  on  ilie  first-planted  portions  of  the  field.  A 
horse  hoe  is  most  frequently  used  the  first  time,  following  the  row 
cither  by  the  plants  which  are  just  appearing  or  by  the  slight  ridges 


Fig.  4.— Hurse  hoe  aod  hllllnE  attachmeDt  OD  a  sulk;  cultivator  nsed  at  Caribou,  Ife. 

left  by  the  planter.  The  rows  are  hilled  up  sufficiently  to  cover  any 
potato  plants  which  may  have  appeared.  This  is  usually  followed  by 
a  cultivator,  some  type  of  the  two-horse  riding  cultivator  being 
most  commonly  used.  This  operation  commences  about  a  week  or 
ten  days  after  the  beginning  of  the  first  working,  often  as  soon  as  the 
whole  crop  can  be  worked  over  once  with  the  horse  hoe.  This  treat- 
ment is  usually  kept  up  with  the  cultivator  and  horse  hoe,  alternating 
until  the  vines  nearly  cover  the  ground,  at  some  time  in  July,  usually 
calling  for  six  or  seven  cultivations,  ending  with  the  horse  hoe  or 
some  appliance  to  take  its  place  in  ridging  up  the  rows.  (See  fig.  4.) 
This  turning  of  the  loose  soil  upon  the  potato  rowhas  proved  meet 
effective  in  checking  the  growth  of  weeds  in  the  row,  and  is  usually 
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relied  upon  to  ftccomplish  that  result,  since  hand  hoeing  is  out  of  the 
question  when  one  fanner  has  50  or  75  acres  of  potatoes,  as  frequently 
is  the  case. 

SPKATlHa. 

Usually  before  the  cultivating  Is  finished,  spraying  the  crop  has 
commenced.  Bordeaux  mixture  for  the  prevention  of  blight,  with 
Paris  green  or  some  other  arsenical  preparation  added  to  kill  the 
potato  beetles,  is  applied  from  a  sprayer  cart  drawn  by  either  one  or 
two  horses,  with  power  applied  from  the  wheels  for  driving  the  pump. 
(See  fig.  5.) 

Copper  sulphate  or  blue  vitriol  and  quicklime  are  used  at  the  rate 
of  6  pounds  of  each  to  50  gallons  of  water.  The  lime  is  best  slacked 
in  one  tank  or  barrel,  the  blue  vitriol  dissolved  in  another,  and  each 


Flo.  5. — Tank  (or  hauling  sprarlng  miitare  to  tbe  field,  with  a  twD-horse  sprayer  Id  the  rear. 

is  usually  diluted  until  the  whole  quantity  of  water  is  us^ed  before 
they  are  mixed.  These  proportions  are  safe  only  when  the  lime  is 
new  and  of  full  strength,  and  when  there  is  any  doubt  about  the 
streng:th  of  the  lime  a  safer  proportion  is  5  pounds  of  blue  vitriol  to 
C  pounds  of  lime.  About  50  gallons  of  the  solution  are  applied  to 
the  acre,  and  at  the  first  spraying  of  the  season  a  pound  of  Paris 
green  for  each  acre  is  added  to  tEe  Bordeaux  mixture.  Once,  later  in 
the  season,  Paris  green  is  applied  in  the  same  way  to  kill  the  second 
brood  of  beetles.  The  use  of  Paris  green  in  this  way  has  proved  very 
effective,  so  much  so  that  the  beetles  are  much  less  troublesome  than 


12  POTATO  GROWINQ  IN   NOBTHEBN   SECTIONS. 

they  were  a  few  years  ago.  In  the  opinion  of  some  of  the  leading 
potato  growers  the  principal  requisite  in  applying  Bordeaux  mixture 
is  to  have  on  the  spraying  apparatus  a  pump  of  sufficient  capacity 
to  produce  a  very  fine,  mistlike  spray  which  will  drift  all  through  the 
mass  of  growing  vines  in  the  row  and  settle  upon  all  parts  of  the 
foliage.  Spraying  is  done  from  three  to  five  times  during  the  grow- 
ing season,  and  is  considered  an  absolute  necessity  for  a  successful 
crop,  so  that  very  few  potato  growers  in  Aroostook  County  think  of 
doing  without  spraying  their  crops  for  prevention  of  blight. 


The  Green  Mountain  is  the  principal  variety  of  potato  grown  in 
Aroostook  County,  but  the  Irish  Cobbler  and  one  ra-  two  less  im- 


portant early  varieties  are  grown  to  some  extent.  Some  of  the  earlier 
ones  are  ready  to  dig  about  August  20  or  25. 

Digging  usually  is  carried  on  with  only  short  interruptions  from 
about  the  20th  of  August  until  the  middle  of  October,  when  it  is 
usually  necessarj-  to  have  all  the  crop  dug  and  stored  on  account  of 
freezing  weather.  The  great  bulk  of  the  crop  is  dug  between  Sep- 
tember 20  and  October  10. 

The  crop  is  dug  entirely  by  machine,  one  of  the  large,  heavy  ele- 
vator diggers  being  found  necessary.  (See  fig.  6.)  This  work  re- 
quires either  two  or  four  horses,  according  to  the  condition  of  the 
land.    The  digger  will  usually  turn  out  about  3  acres  a  day,  and 
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from  seven  to  nine  pickers  are  required  to  keep  up  with  it.  This  is 
about  the  only  hand  labor  required,  since  the  crop  is  worked  entirely 
by  machine  from  the  time  the  seed  is  ready  for  the  planter  until  the 
potatoes  are  turned  out  of  the  ground  and  lie  ready  for  picking  up. 
Not  only  is  hand  work  limited  to  these  two  operations,  but  for  the 
major  part  of  the  machine  work  the  man  is  not  required  to  walk. 
This  plan  of  operations  involves  considerable  expenditure  for  ma- 
chinery, but  enormously  increases  the  eflSciency  of  one  man. 

USE  OF  MACHINEBY. 

Mr.  J.  M.  Ward,  of  Limestone,  Me.,  enumerates  the  necessary 
machinery  for  potato  growing  as  follows : 

2  sulky  plows $1(K) 

2  spring- tooth  harrows _.    __     _  25 

1  planter __.._.           .  65 

1  2-row  riding  cultivator _.       ^  45 

1  horse  hoe  for  hilling 10     • 

1  4-row  sprayer tJ5 

1  digger 1(K) 

Total 410 

This  equipment,  with  the  addition  of  one  wagon  of  the  type  known 
as  a  jigger  (see  fig.  6),  is  operated  by  two  men  and  four  hea\7^ 
horses.  The  two  men  with  this  equipment  are  able  to  prepare  for, 
plant,  and  handle  50  acres  of  potatoes  up  to  digging  time,  when 
they  require  six  or  seven  day  hands  to  pick  up  the  potatoes.  This, 
of  course,  is  an  expensive  equipment  compared  with  that  formerly 
used  on  the  potato  crop,  which  was  as  follows : 

1  walking  plow $15 

1  harrow 15 

1  horse  hoe 10 

Hand   hoes _     .    __ .     ^^  3 

Total 43 

Without  question  the  additional  outlay  increases  the  acreage  which 
two  men  can  handle  just  about  in  proportion  to  the  increase  in  cost. 

STORAGE. 

Most  of  the  farmers  have  potato  houses  or  cellars  constructed  for 
storing  their  stock  and  holding  the  unsold  portion  of  the  crop 
through  even  the  coldest  weather  until  they  can  market  it.  Some 
growers,  especially  those  near  town,  depend  on  the  warehouses  of  the 
dealers  alongside  the  railroad  tracks.  The  common  type  of  store-  • 
house  on  the  farm  is  a  cellar  walled  up  with  concrete  or  stonework, 
al>out  8  or  9  feet  deep,  with  a  low  wooden  roof  above  it,  giving  a  con- 
siderable space  for  the  storage  of  tools,  barrels,  etc.,  on  the  floor  above 
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the  cellar  portion.  (See  fig.  7.)  These  cellars  are  usually  built  on 
the  side  of  a  hill,  so  that  the  potatoes  are  unloaded  down  through  (he 
floor  in  the  fall  and  taken  out  at  a  lower  doorway  during  the  winter. 


The  crop  has  been  averaging  for  the  past  few  years  a  price  of  $1 
per  harrel,  or  a  little  better,  to  the  farmer  at  the  shipping  station, 
and  at  that  rate  proves  a  very  profitable  crop,  for  it  is  estimated  to 
cost  from  $50  to  $60  an  acre  to  grow  100  barrels,  counting  in  the  cost 
of  labor,  seed,  fertilizer, 
end     rent     of     land. 
Although    this    would 
indicate    a    profit    of 
from   $40   to   $50    per 
acre,  or  perhaps  a  little 
more,   it    must    be    re- 
membered    that      this 
crop  is  produced   not 
oftener  than  every 
third  year  on  a  given 
piece  of  land,  and  in 
Via.  7.— I'otato  storsBe  wllar  at  Limestone.  Me.  the    interim    the    grain 

crop  and  hay  crop  will  pay  no  such  profits,  although  the  yields  of 
both  are  good  and  their  production  is  well  worth  while.  On  many 
potato  farms  of  Aroostook  County  much  of  the  hay  and  grain  is 
sold,  usually  to  the  logging  camps  in  the  lumbering  country  quite 
close  at  hand. 

lUFOBTANCE  OF  CLOVEB  IN  THE  BOTATION. 

One  frequently  finds  large  farms  of  200  or  300  acres,  having  per- 
haps 200  acres  of  tillable  land,  on  which  are  kept  only  sufficient  horses 
for  handling  the  crops  and  one  or  two  cows  for  the  home  supply  of 
milk  and  butter.  With  so  few  live  stock  from  which  manure  may 
be  obtained,  it  is  reasonable  to  conclude  that  the  rotation  involving 
a  crop  of  clover  on  which  to  grow  the  potato  crop  is  an  essential.  On 
some  of  the  older  farms,  where  oats  and  hay  had  been  grown  for  a 
long  term  of  years,  the  present  system  has  dpne  much  in  the  last 
twelve  or  fifteen  years  to  improve  the  condition  of  the  land.  It  is 
often  claimed  that  under  the  present  system,  even  without  barnyard 
manure,  the  land  is  gradually  improving.  So  long  as  the  clover  crop 
is  a  success  on  these  farms  the  system  bids  fair  to  prosper.  If  for  any 
cause,  however,  the  clover  crop  should  cease  to  be  successful,  the 
prosi)ects  of  this  system  of  fanning  would  be  seriously  injured. 
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When  land  located  near  a  town  is  renting  at  from  $14  to  $16  an  acre 
for  one  year  for  the  purpose  of  growing  a  crop  of  potatoes,  men  who 
hire  such  land  are  often  willing  to  pay  $2  an  acre  more  if  the  land 
has  a  good  clover  sod  on  which  to  plant  their  crop  than  if  it  has 
merely  an  old  grass  sod. 

CABEFDX  ClTIiTIVATIOK  THE  KEYNOTE  OF  SUCCESS. 

As  further  evidence  that  successful  potato  culture,  even  in  Aroos- 
took County,  is  largely  due  to  the  treatment  of  the  crop,  some  ex- 
perience with  individual  fields  may  be  quoted. 

Of  a  number  of  acres  of  potatoes  grown  at  Houlton,Me.,one  season 
recently,  a  part  of  the  field  was  harrowed  twice  with  a  spring-tooth 
harrow;  the  rest  of  it  was  harrowed  thoroughly  four  times,  twice 
with  a  disk  and  twice  with  a  spring-tooth  harrow.  In  all  other  re- 
spects the  two  portions  of  the  field  were  treated  alike.  The  crop  on 
the  portion  which  received  the  less  harrowing  averaged  80  barrels 
per  acre  and  that  on  the  thoroughly  harrowed  part  100  barrels  per 
acre. 

Again,  on  a  small  field  of  3^  acres  in  the  northern  part  of  Aroos- 
took County  the  crop  was  cultivated  fourteen  times  during  the  season 
of  1904.  The  land  had  previously  been  handled  for  several  years  in 
an  excellent  manner  as  regards  rotation  and  tillage.  In  an  adjoin- 
ing field  on  very  similar  land  another  farmer  raised  6J  acres  which 
received  two  cultivations  for  the  season,  once  with  a  cultivator  and 
once  with  a  horse  hoe.  The  latter  field  had  received  less  careful  man- 
agement in  previous  years.  In  other  respects  the  two  lots  differed  lit- 
tle in  treatment.  The  yield  on  the  first  was  140  barrels  per  acre,  or 
490  barrels  on  3J  acres.  The  yield  on  the  second  was  70J  barrels  per 
acre,  or  460  barrels  on  6^  acres — 30  barrels  less  in  all  than  on  the 
smaller  lot. 

The  thorough  and  frequent  working  of  the  land  for  the  potato  crop 
has  accomplished  another  result.  When  the  present  system  of  po- 
tato culture  was  commenced  in  northern  Maine,  witch-grass,  or 
quack-grass,  threatened  the  success  of  the  business  most  seriously. 
At  the  present  time  this  weed  is  one  of  the  least  serious  difficulties  to 
be  overcome.  Thorough  working  of  the  land  occupied  with  a  potato 
crop  is  part  of  the  solution  for  this  problem.  This  includes  espe- 
cially the  work  of  the  potato  digger,  for  it  shakes  loose  from  the  row 
any  witch-grass  roots  which  may  have  escaped  the  cultivation  of  the 
early  season.  A  short  rotation  is  another  factor  tending  to  the  ex- 
termination of  witch-grass  by  giving  little  opportunity  for  it  to 
occupy  the  land. 
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METHODS  EMPLOTEi)  IN  OBOWINO  POTATOES  IN  OTHER 

SECTIONS. 

As  an  indication  that  the  success  of  these  potato  growers  is  not  by 
any  means  largely  due  to  their  local  conditions,  it  is  well  to  note  the 
success  of  potato  growing  according  to  similar  methods  in  other 
localities. 

POTATO  OBOWING  IN  CENTRAL  AND  SOXTTHEBN  MAINE. 

In  central  and  southern  Maine,  where  the  land  has  been  considered 
unsuited  to  potato  growing  and  is  valued  at  from  $25  to  $40  an  acre, 
in  contrast  with  the  $80  and  $100  land  of  Aroostook  County,  the 
same  methods  have  been  applied  with  equal  success.  One  often 
hears  of  Aroostook  County  farmers  who  have  sold  their  expensive 
land  in  the  northern  part  of  the  Sttlte  and  are  buying  cheaper  farms 
in  the  southern  counties. 

On  the  farm  of  W.  J.  Thompson,  in  Kennebec  County,  Me.,  10 
acres  of  potatoes  were  grown  according  to  the  Aroostook  system 
in  1907,  that  method  being  followed  throughout  in  culture,  in  the 
application  of  fertilizer,  and  in  spraying.  All  the  labor  of  men  and 
teams  was  hired  at  current  prices.  The  total  cost  of  10  acres  for 
labor,  seed,  fertilizer,  and  spraying  materials,  including  the  hauling 
of  the  potatoes  to  market,  was  $754,  of  which  $144  was  for  trans- 
portation to  market.  The  land  used  was  old,  run-out  fields  and  pas- 
ture, and  no  barnyard  manure  was  applied.  There  was  a  yield  from 
10  acres  of  1,800  bushels  of  market  potatoes,  which  sold  at  72  cents, 
bringing  $1,296,  a  profit  of  $542  on  the  10  acres.  This  farm  was 
located  some  200  miles  nearer  the  large  markets  thian  is  Aroostook 
County,  and  accordingly  the  better  price  for  the  crop  made  up  for 
the  lighter  yield.  To  raise  18  acres  of  oats,  following  the  potatoes 
of  the-  previous  year,  cost  $216  for  labor  and  seed,  but  with  no  addi- 
tional fertilizer.  The  oats  yielded  40^  bushels  per  acre,  or  730  bush- 
els in  all,  which  sold  at  the  farm  for  60  cents  a  bushel,  amounting 
to  $438,  and  13  tons  of  straw,  valued  at  $4  a  ton,  giving  a  profit  on 
the  18  acres  of  $274,  or  of  $222  on  the  grain  alone.  A  good  stand 
of  clover  was  also  obtained  that  year  and  the  previous  year,  the 
clover-mixed  hay  yielding  at  least  1^  tons  per  acre  in  1907,  having 
been  seeded  with  oats  the  year  before.  These  figures  would  indicate 
that  on  a  good  clover  sod,  such  as  is  now  becoming  available  on  this 
farm,  as  large  yields  of  potatoes  can  be  obtained  as  are  common  in 
Aroostook  County. 

POTATO  GBOWING  ON  LONG  ISLAND. 

Some  variations  of  the  Aroostook  plan  are  employed  in  numerous 
other  places.    On  Long  Island,  for  instance,  in  the  truck-growing 
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section  very  similar  methods  are  employed.    The  one  different  fea- 
ture worth  noting  seems  to  be  that  level  cultivation  is  the  general  rule 
on  Long  Island.    Aside  from  this,  the  milder  climate  of  Long  Island 
allows  the  use  of  crimson  clover.    Although  that  crop  is  not  hardy 
enough  to  survive  the  average  Long  Island  winter,  the  experience  of 
one  farmer  there  has  shown  that  when  sown  in  August,  following  rye, 
it  will  make  sufficient  growth  before  winter  to  be  worth  while  plowing 
under  the  following  spring  for  potatoes,  and  this  allows  a  crop  of 
potatoes  every  other  year  and  a  crop  of  winter  rye,  usually  profitable 
for  the  straw,  in  the  intermediate  year.    The  level  cultivation  on 
Long  Island  is  due  mainly  to  the  difference  in  the  supply  of  available 
moisture.    In  northern  Maine  the  method  of  hilling  previously  de- 
scribed is  frequently  necessary  to  keep  superfluous  surface  water  away 
from  the  potato  plants.    On  Long  Island  level  culture  is  utilized  to 
help  retain  the  available  supply  of  moisture  in  that  region  of  more 
sandy  soil  and  less  abundant  rainfall.    There,  instead  of  using  the 
horse  hoe  to  any  extent,  the  early  cultivation  of  the  potato  crop  is  done 
almost  wholly  with  the  weeder,  this  implement  being  used  sometimes 
three  times,  or  continuously  until  the  plants  are  5  or  6  inches  high. 
From  that  time  on  the  crop  is  worked  with  a  cultivator,  and  any 
attempt  to  hill  up  the  rows  is  avoided. 

Spraying  with  Bordeaux  mixture  is  practiced  in  the  same  manner 
as  in  Aroostook  County.     In  addition  many  potato  growers  on  Long 
Island  are  using  the  formaldehyde  treatment  on  their  seed  potatoes 
to  reduce  the  damage  from  scab.    This  disinfection  is  usually  ac- 
complished by  soaking  the  seed  potatoes  for  an  hour  and  a  half  in 
a  solution  of  1  pint  of  formaldehyde  to  30  gallons  of  water.    The 
soaking  is  done  before  the  seed  is  cut  and  then  the  seed  is  spread  out 
to  dry.     In  this  way  the  fungus  which  causes  most  of  the  scabby 
potatoes,  in  the  East  at  least,  is  destroyed  so  far  as  the  tubers  are  con- 
cerned, and  the  seed  potatoes  are  considered  to  be  one  of  the  chief 
means  of  spreading  this  disease.    To  do  this  work  more  rapidly 
where  large  quantities  of  seed  are  to  be  treated  the  seed  may  be  spread 
on  racks  and  fumigated  with  formaldehyde  gas.    For  this  purpose 
the  racks  should  be  arranged  as  compactly  as  possible  in  a  room 
which  may  be  tightly  closed  so  as  to  prevent  the  escape  of  any  of  the 
gas.     When  the  potatoes  are  all  in  the  racks,  23  ounces  of  potassium 
permanganate  for  each  1,000  cubic  feet  of  space  in  the  room  should 
be  spread  thinly  in  shallow  pans,  and  over  this  3  pints  of  formalde- 
hyde should  be  poured.    The  room  should  be  closed  at  once  and 
allowed  to  remain  closed  for  twentv-four  hours.® 


«  For  a  more  detailed  account  of  this  method  of  treatment,  see  Circular  No. 
23  of  the  Bureau  of  Plant  Industry  or  Bulletins  Nos.  141  and  149  of  the  Maine 
Asricultural  Exp^ment  Station. 
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POTATO  GBOWING  IN  WESTERN  NEW  YOBK. 

Potato-growing  methods  similar  to  those  described  in  Aroostook 
G)unty  are  employed  by  nmnerous  planters  in  western  New  York  on 
rather  heavy  soils  containing  gravel  or  clay  loam,  and  even  where 
considerable  underdraining  has  proved  necessary.  Mr.  T.  E.  Martin, 
of  Monroe  County,  N.  Y.,  has  raised  18  acres  of  potatoes  each  year 
on  such  a  heavy  soil,  all  of  which  it  was  necessary  to  underdrain. 
With  a  three-year  rotation  of  wheat,  clover,  and  potatoes,  fertilized 
with  1,6C0  pounds  of  home-mixed  fertilizer,  he  has  grown  an  average 
of  more  than  300  bushels  to  the  acre,  and  in  1906  raised  an  average 
of  417  bushels  on  the  18  acres.  He  employs  thorough  cultivation  and 
thorough  spraying  with  Bordeaux  mixture. 

Another  potato  grower  in  western  New  York,  Mr.  J.  D.  Taylor,  of 
Steuben  County,  has  had  repeated  success  in  growing  potatoes  with- 
out commercial  fertilizer,  using  a  three-year  rotation  and  stable 
manure.  He  gets  one  crop  of  hay  in  the  year  following  the  wheat 
crop,  and  soon  after  mowing  spreads  20  loads  of  light,  strawy  manure 
per  acre  on  the  stubble.  He  lets  the  second  crop  grow  up  through 
this  and  fall  down.  The  whole  is  then  plowed  under  late  in  Mardi 
or  early  in  April  and  planted  to  potatoes  a  month  later  after  thor- 
ough preparation.  No  commercial  fertilizer  is  applied,  and  with 
the  variety  of  potato  known  as  Sir  Walter  Raleigh  the  usual  yield 
is  from  250  to  300  bushels  to  the  acre. 

In  general  it  has  been  found  exceedingly  profitable  in  any  part  of 
the  State  of  New  York  to  spray  potatoes  with  Bordeaux  mixture  as 
a  preventive  of  blight.  A  series  of  experiments  carried  on  by  the 
Geneva  Agricultural  Experiment  Station  in  cooperation  with  numer- 
ous farmers  scattered  over  the  State  showed  an  average  gain  of  50J 
bushels  to  the  acre  for  spraying.  The  average  net  profit  from  a  series 
of  five  years  of  business  experiments  carried  on  by  the  Greneva  sta- 
tion in  cooperation  with  numerous  farmers  was  $19.86  per  acre.  The 
average  gain  in  yield  for  six  years  in  experiments  with  spraying 
every  two  weeks  carried  on  at  the  Geneva  station  was  121f  bushels. 
A  similar  series  of  experiments  carried  on  by  the  substation  on  Long 
Island  under  drier  climatic  conditions  showed  an  average  gain  of 
60J  bushels.  This  seems  to  be  conclusive  proof  that  the  use  of  Bor- 
deaux spray  in  preventing  loss  from  blight  is  a  thoroughly  profitable 
proposition  in  a  climate  either  like  that  of  central  New  York  or  of 
Long  Island,  where  less  rain  prevails. 

POTATO  GBOWING  IN  MICHiaAN  AND  WISCONSIN. 

In  Michigan  the  prevailing  practice  is  to  use  commercial  fertilizers 
sparingly  or  not  at  all.  The  seed  is  usually  planted  farther  apart, 
often  being  check-rowed  34  or  36  inches  apart  each  way,  and  the 
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work  throughout  the  season  is  usually  done  on  a  less  expensive  scale 
than  in  Maine.  There  are,  however,  numerous  farmers  who  get 
yields  much  heavier  than  the  150  bushels,  more  or  less,  so  commonly 
grown  J)y  the  cheaper  methods. 

One  grower  who  keeps  considerable  live  stock,  both  cattle  and 
sheep,  always  plants  potatoes  on  a  clover  sod  which  has  been  pas- 
tured by  sheep  one  season  after  being  seeded  with  grain  the  previous 
year.  This  sod  receives  a  light  application  of  sheep  manure  during 
winter  after  the  grain  is  cut,  or  perhaps  during  the  summer  when  it 
is  being  pastured.  Without  commercial  fertilizer,  with  the  crop 
check-rowed  34  inches  each  way  and  thoroughly  cultivated  in  both 
directions,  and  with  the  best  of  seed,  more  than  200  bushels  to  the 
acre  are  obtained. 

A  grower  in  central  Wisconsin  who  keeps  a  considerable  flock  of 
sheep  and  plants  seed  taken  from  the  best-yielding  portions  of  his 
field  only  has  maintained  a  yield  of  about  200  bushels  an  acre,  a 
point  which  his  neighbors  who  have  less  live  stock  and  plant  cull 
potatoes  have  been  unable  to  attain.  According  to  some  of  the  most 
successful  potato  growers  in  Wisconsin  the  land  there  is  falling  off 
in  its  potato  production  even  when  clover  sod  is  available,  but  wher- 
ever live-stock  raising  is  being  introduced  and  a  supply  of  barnyard 
manure  becomes  available  the  crop  is  much  larger.  An  application 
of  15  loads  of  barnyard  manure  per  acre,  each  load  weighing  a  ton 
to  a  ton  and  a  half,  has  been  shown  to  approximately  double  the 
p>otato  crop,  and  when  carefully  applied — that  is,  not  immediately 
before  potato  planting — ^has  shown  no  bad  results  in  causing  scabby 
potatoes.  In  central  Wisconsin  dairy  cattle  and  the  use  of  silos 
seem  to  be  increasing,  and  as  this  type  of  farming  comes  in,  involving 
a  more  rapid  crop  rotation  upon  the  land  and  the  return  of  humus 
to  the  soil  by  means  of  barnyard  manure  at  the  same  time,  the 
potato  yields  promise  to  increase  steadily. 

Commercial  fertilizers  are  still  more  in  general  distrust  by  the 
majority  of  potato  growers  in  Wisconsin  than  by  those  in  Michigan, 
but  it  is  very  probable  that  a  judicious  use  of  commercial  fertilizer 
containing  a  high  percentage  of  potash  could  be  profitably  employed 
by  these  men  in  connection  with  available  manures  and  clover  sod. 

Spraying  with  Bordeaux  mixture  for  blight  is  generally  considered 
unnecessary  in  Michigan  and  Wisconsin,  but  the  experience  of  grow- 
ers who  have  used  this  mixture  indicates  that  its  use  would  result  in 
sufficient  gain  in  yield  when  the  blight  is  severe  to  pay  a  handsome 
profit  on  the  cost  of  spraying  every  year.  For  instance,  in  Van  Buren 
County,  Mich.,  on  the  farm  of  Mr.  Jason  Woodman,  the  portion  of 
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the  potato  crop  in  1907  which  was  carefully  sprayed  with  Bordeanx 
mixture  produced  a  yield  of  263  bushels  per  acre,  and  the  unsprayed 
rows  at  the  rate  of  1G8  bushels  per  acre.  Where  horse  spraying  oul- 
fits  are  employed  to  apply  Paris  green  to  the  potato  crop  it  would  be 
very  little  added  expense  to  use  Bordeaux  mixture  at  the  same  time 
and  so  protect  the  crop  from  blight. 

VARIOUS   UEANS    KHPLOTED    IN    SAXia^ma   THE    CHOP. 

In  other  sections  of  the  potato-growing  States  different  means  are 
employed  with  certain  parts  of  the  handling  of  the  crop.  On  some  of 
the  sandy  loam  soils  fairly  satisfactory  work  is  done  in  digging  by  the 
use  of  a  simple  plow  digger,  such  as  is  shown  in  figure  8.  In  some 
of  the  more  western  localities  the  crop  is  sorted  in  the  field  with 

the  aid  of  a 
screen  which  is 
draped  along 
the  field.  (See 
fig.  9.)  In 
those  same  sec- 
tions a  rou^ 
dugout  takes 
the  place  of 
more  expensive 
cellars.  In 
some  parts  of 
Michigan  and 
Wisconsin  the 
crop  is  stored 
in  pits  in  the 
field  until  it 
can  be  market- 
ed, but  has  to 
be  shipped  or 
FIG.  8.-Polal„  digger  ot  one  ot  tbe  slmpleat  types.  j^^j^    ^^^    ^^^ 

permanent  storage  before  winter  sets  in.  These  pits  are  made  by 
merely  digging  off  the  surface  soil  to  the  depth  of  a  foot  or  a  little 
more,  tlien  piling  in  the  potatoes  to  perhaps  3  feet  above  the  surface 
of  the  ground.  After  that  they  are  covered  with  a  layer  of  straw, 
and  then  with  the  loose  soil  that  was  dug  off  at  first.    (See  fig,  10.) 

COST  OF  FKODUCINO  POTATOES. 

The  following  table  represents  the  usual  expense  of  growing  an 
acre  of  potatoes  in  Aroostook  County,  Me.,  and  in  many  parts  of 
Michigan  and  Wisconsin.     In  fact,  the  second  column  of  figures  will 
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T^resent  the  expense  put  into  growing  the  crop  in  most  localities 
where  potato  growing  is  carried  on  on  a  less  expensive  and  thorough- 
going basis. 

Table  II. — Cost  of  producing  J  acre  of  potatoes  in  Ualne  and  In  Witoontin. 


Cut  d(  ■npplEes  aod  Imtnr, 
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'   Bin. 
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with  rent  of  Und. 

H^ne. 

"^T"- 

3 
'1 

"■S 

13.  U 

.6: 00 
l.MX) 

2.50 

.fiO 
.«0 

60.00 

■  For  be«  lies  oul)-. 

The  more  expensive  method  of  growing  potatoes  UHually  gives  a 
yield  of  275  bushels  or  more  to  the  acre.  Unless  an  application  of 
barnyard  manure  is 
made  in  addition  to 
the  expense  esti- 
mated, at  an  added 
cost  of  from  $5  to 
to  $10  per  acre,  the 
less  expensive 
method  rarely  pro- 
duces more  than 
125  bushels  per 
acre  and  in  a  great 
many  instances  de- 
cidedly less  than 
100  bushels  per 
acre.  The  increase 
in  yield  as  a  result 
of  the  more  costly  method  is  sufficient  to  more  than  pay  the  difference 
in  cost,  supposing  potatoes  to  sell  as  low  as  33J  cents  a  bushel.  One 
hundred  and  twenty-five  bushels  per  acre  grown  at  a  cost  of  $15  per 
acre  and  sold  at  33J  cents  per  bushel  yield  a  net  profit  of  $26.06  per 
acre.  Two  hundrd  and  sevenfy-fi.ve  bushels  per  acre  grown  at  a  cost 
of  $60  per  acre  and  sold  at  83J  cents  per  bushel  yield  a  net  profit  of 
$31.66  per  acre.    The  second  profit  is  $5  more  per  acre  than  the  first. 

A  farmer  in  Van  Biiren  County,  Mich.,  states  that  his  potato  ci-op, 
mostly  marketed  in  the  fall,  sold  at  an  average  price  of  44  cents  a 
bushel  for  a  period  of  ten  years.  At  the  latter  price  the  more  ex- 
pensive method  of  culture  would  yield  a  profit  of  $01  per  acre,  against 
$40  from  the  cheaper  method.     Furthermore,  some  of  the  leading 
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potato  dealers  of  the  North  have  stated  emphaticall;  that  a  better 
quality  of  potatoes  is  normally  obtained  with  large  yields  than  with 
small. 

PROBLEKS  COHTSONTZira  AROOSTOOK  COTTimr  aBOWEBS. 

Although  the  present  system  of  potato  growing  in  Aroostook 
County  is  proving  fairly  profitable  to  the  growers,  one  is  forced  to 
ask  how  long  this  condition  will  exist  before  the  clover  crop  becomes 
less  dependable.  This  question  arises  when  one  considers  the  results 
that  have  come  to  other  sections  where  a  similar  system  of  farming, 
involving  little  or  no  live  stock,  has  been  followed.    When  mixed 


FiQ.  10. — Pit  used  [or  atutlng  poMtoea  In  tLc  Seld,  near  Oreenrlllp,  Mich. 

clover  hay  is  sold  to  the  logging  camps  at  $8  or  $0  a  ton,  as  has 
frequently  been  the  case  in  Aroostook,  it  is  questionable  how  mudi 
profit  is  to  be  had  by  curing  the  hay  crop  and  selling  it  at  such  prices. 
At  the  nsual  price  for  commercial  fertilizers  a  ton  of  clover  hay 
contains  something  like  $9  worth  of  nitrogen,  phosphoric  acid,  and 
potash.  Accordingly,  a  few  of  the  most  successful  potato  growers 
do  not  try  to  make  hay  when  it  will  interfere  with  giving  proper  care 
to  tilling  or  spraying  their  potato  crop.  They  have  found  it  more 
profitable  to  spend  all  the  time  necessary  in  caring  for  the  potato 
crop  and  then  to  cut  and  cure  only  so  much  hay  as  time  will  allow. 
Then  if  time  is  not  sufficient  for  curing  their  whole  hay  crop  soBoe 


POTATO  GROWING  IN   NORTHERN  SECTIONS.  23 

of  the  fields  are  mowed  and  the  grass  allowed  to  lie  on  the  ground 
until  time  to  turn  the  sod  under  for  the  next  year's  potato  crop. 

In  the  particularly  rainy  season  of  1907,  when  the  crop  fell  way 
below  the  average  in  Aroostook  G)unty,  Mr.  D.  D.  Powers  followed 
such  a  plan  as  this  and  let  a  large  number  of  acres  of  hay  go  to  waste 
so  far  as  the  hay  was  concerned.  Mr.  Powers,  however,  harvested  a 
crop  of  potatoes  which  was  about  90  per  cent  of  a  normal  yield,  while 
several  of  his  neighbors  who  neglected  the  care  of  their  potatoes 
during  the  siunmer  in  order  to  cut  their  hay  harvested  that  fall  only 
about  70  per  cent  of  a  crop  of  potatoes.  Mr.  Powers  felt  that  he  was 
well  repaid  the  same  season  for  following  this  method  and  that  his 
potato  crop  the  next  year  would  also  be  considerably  better  on  the 
lots  where  the  hay  was  turned  under. 

MAINTENANCE  OF  SOIL  FEBTILITT. 

It  has  been  frequently  predicted  by  many  persons  who  have  studied 
the  situation  that  some  day  the  clover  crop  in  Aroostook  County  will 
be  less  successful  than  it  now  is.    If  such  a  time  comes  potato  growers 
will  very  soon  begin  to  suffer  for  want  of  more  live  stock  in  their 
system  of  farming.    Although  the  use  of  an  amount  of  potash  in  the 
fertilizer  applied  to  an  acre  of  potatoes  which  is  twice  that  actually 
contained  in  100  barrels  of  the  crop  probably  is  of  great  benefit  to 
the  ensuing  clover  crop,  it  is  impossible  to  determine  how  long  that 
supply  of  potash  unaided  will  insure  a  good  stand  of  clover.    In  sev- 
eral different  places  in  the  United  States  it  has  happened  that  under 
such  a  system  of  farming  without  live  stock  the  clover  crop  in  the 
course  of  time  began  to  fail  and  in  a  few  years  after  the  clover  crop 
failed  everything  else  followed  it.    There  is  such  a  section  in  the 
southern  part  of  the  State  of  New  York  where  clover,  potatoes,  and 
small  grains  were  grown  successfully  until  some  twenty  years  ago. 
At  that  time  for  want  of  live  stock  as  a  source  of  manure  the  clover 
began  to  fail,  and  for  the  last  fifteen  years  there  has  been  no  successful 
clover  raising  in  that  section  and  very  few  profitable  crops  of  grain 
or  potatoes.    Farmers  in  that  section,  to  be  sure,  were  not  using 
fertilizers  to  any  such  extent  as  are  the  Aroostook  County  potato 
growers,  but  it  does  not  seem  safe  to  prophesy  that  even  with  large 
amounts  of  commercial  fertilizer  the  clover  crop  of  Aroostook  County 
can  be  made  a  success  for  an  indefinite  number  of  years  to  come.    The 
extension  of  the  dairy  industry,  which  has  such  a  wide  development 
in  other  parts  of  Maine,  has  been  predicted  for  this  county.    Dairy- 
ing may  come  in  to  some  extent  and  supply  the  needs  for  farm  ma- 
nures, but  there  are  frequent  and  emphatic  objections  raised  when 
such    a  statement  is  made.    Some  of  the  most  successful  potato 
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growers  say  that  they  and  their  farm  hiborers  are  both  unaccustomed 
to  the  care  and  handling  of  dairy  cattle  and  that  at  certain  seasons  of 
the  year  the  time  required  to  care  for  dairy  stock  would  seriously  in- 
terfere with  the  work  of  potato  growing.  This  objection  is  very 
reasonable  on  farms  wiiere  the  potato  business  is  developed  on  a  large 
scale,  where  the  acreage  grown  every  year  is  high,  perhaps  50  to  100 
acres,  and  where  the  owners  are  not  familiar  with  the  methods  used 
in  handling  cattle. 

Pasture  land  as  a  rule  is  of  such  limited  extent  as  to  make  ^eep 
raising  impracticable.  Most  potato  growers  have  only  a  smaU  pro- 
portion of  the  pasture  necessary  for  the  number  of  sheep  for  which 
they  would  have  hay.  The  potato  growers  of  Weld  County,  Cola, 
overcome  this  difficulty  by  buying  range  sheep  and  feeding  them  for 
the  winter  in  a  smal)  corral.  In  that  way  the  alfalfa  hay  grown 
there  in  connection  with  the  potato  crop  and  holding  the  same  relative 
position  as  clover  hay  in  Aroostook  County,  Me.,  is  not  only  consumed 
on  the  farm  at  a  profit,  but  gives  sufficient  manure  to  be  of  great  ad- 
vantage to  the  farm.  There  are  several  farmers  in  the  northern  part 
of  Aroostook  County,  however,  whose  systems  of  farming  seem  to 
offer  another  solution  of  this  question.  These  men  are  keeping  a  few 
brood  mares  of  Percheron  blood  and  find  them  especially  profitable. 
Heavy  draft  horses,  those  weighing  1,400  or  1,500  pounds,  are  used 
very  extensively  in  the  potato  fields,  and  a  good  pair  is  often  worth 
$700  or  $800.  A  great  many  such  horses  are  brought  into  the  county 
every  year  and  sold  at  good  prices.  The  men  who  are  raising  these 
animals  on  a  small  scale  find  them  the  most  profitable  means  of 
marketing  their  hay  and  grain  crops,  and  as  the  supply  of  heavy 
farm  horses  is  scant  as  a  general  thing  in  all  the  Eastern  States  the 
raising  of  draft  horses  promises  to  be  one  of  the  most  profitable  ad- 
juncts to  potato  growing  in  Aroostook  County.  Raising  horses 
of  this  type  should  not  be  confused  with  the  raising  of  light-weight 
horses  so  often  practiced  by  eastern  farmers  in  trying  to  rais^ 
trotting  horses.  The  ordinary  farmer  who  attempts  to  raise  a  trotter 
is  more  likely  to  fail  in  that  and  then  have  a  worthless  animal  so  far 
as  good  thorough  farm  work  is  concerned. 

APPLICATION  OF  BABNYABB  MANTTBE. 

Some  potato  growers  say  they  do  not  wish  to  put  stable  manure  on 
the  land  for  their  potato  crop.  There  are  two  ways  of  obviating  this 
objection.  In  every  section  of  the  potato-growing  States  there  are 
numerous  instances  of  the  application  of  manure  to  the  potato  crop 
without  injury  to  the  quality  of  the  crop.  Generally,  however,  some 
precaution  is  taken  in  applying  the  manure.    It  is  usually  put  on 
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the  land  during  the  previous  summer  if  the  land  is  to  be  fall-plowed, 
or  at  least  applied  in  the  fall  or  early  winter  to  land  which  is  to  be 
plowed  in  the  spring  for  potatoes.  If  bad  results  to  the  potato  crop 
are  to  be  feared  from  this  procedure  still  further  precautions  may  be 
taken  by  applying  the  manure  as  a  top-dressing  on  new  seeding 
after  the  grain  is  cut.  The  loose,  strawy,  rather  dry  horse  manure, 
such  as  would  be  produced  on  a  farm  where  draft  horses  are  raised, 
would  not  ordinarily  work  well  as  a  top-dressing.  It  would  not  decay 
sufficiently  fast  nor  could  it  be  distributed  finely  enough,  but  where 
lumber  is  so  near  at  hand  and  relatively  cheap,  as  in  Aroostook 
County,  the  farmer  will  find  no  difficulty  in  building  some  sort  of 
manure  shed  or  small  covered  barnyard,  such  as  is  used  in  many 
places  in  New  York  and  some  of  the  Central  States.  Under  a  roof 
even  strawy  horse  manure  when  trampled  by  the  stock  and  allowed 
to  settle  and  rot  to  some  extent  could  then  be  spread  successfully  as 
a  top-dressing.  It  would  further  retain  much  of  its  value  as  a  source 
of  nitrogen  if  treated  at  frequent  intervals  with  light  applications  of 
gypsum,  or  land  plaster. 

PBOTECTION  FBOM  SCAB. 

In  the  opinion  of  some  of  the  best  potato  growers  in  Aroostook 
County  the  trouble  which  threatens  them  most  seriously  to-day  is 
the  injury  of  their  crop  by  scab.  Up  to  the  present  time  very  little 
thought  has  been  given  to  the  treatment  of  seed  potatoes  for  scab, 
though  great  care  has  been  exercised  to  avoid  any  treatment  of  the 
potato  lands  tending  to  encourage  the  growth  of  scab,  such,  for  in- 
stance, as  the  application  of  wood  ashes  or  barnyard  manure.  The 
treatment  of  the  seed  potatoes  with  formaldehyde,  either  in  solution 
or  as  a  gas,  is  likely  to  prove  of  great  benefit  to  the  quality  of  the 
potato  crop  in  Aroostook  County. 

BOTATIOK  WITH  CIiOVEB  FOB  SEED. 

A  further  aid  in  the  improvement  of  this  system  of  farming  is  sug- 
gested by  the  experience  of  the  farmers  in  the  potato-growing  sec- 
tions of  northern  Michigan  and  by  an  occasional  farmer  in  Aroostook 
County.  In  some  parts  of  Michigan  a  large  part  of  the  clover  crop 
is  harvested  for  seed,  in  some  cases  the  chaff  being  fed  to  sheep  or 
other  stock  and  in  others  spread  on  the  land.  In  Aroostook  County 
there  have  been  some  excellent  yields  of  clover  seed  and  a  handsome 
profit  realized  from  the  crop.  Mr.  J.  W.  Dudley  has  grown  on  his 
farm  in  that  county  a  field  of  clover  of  2^  acres  which  yielded  5 
bushels  per  acre.  The  crop  was  cut  August  25,  and  with  clover  seed 
selling  at  16  cents  a  pound  was  worth  $48  per  acre.  This  crop  is 
less  expensive  to  harvest  than  hay  and  always  involves  less  risk  in 
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curing.  Besides  these  advantages,  when  the  clover  crop  is  harvested 
for  seed,  although  the  seed  is  sold  at  a  better  price  than  could  be 
realized  from  hay,  all  the  rest  of  the  crop  is  returned  to  the  land 
either  as  manure  or  in  the  form  of  chaff.  With  the  scarcity  of  clover 
seed  which  has  prevailed  in  recent  years  and  the  accompanying  high 
prices,  this  crop  is  decidedly  one  of  the  most  profitable  adjuncts  to  the 
potato-growing  business,  especially  in  those  sections  where,  owing  to 
the  latitude,  com  is  an  unsatisfactory  crop  or  where  for  one  reason  or 
another  sufficient  live  stock  are  not  kept  to  utilize  all  the  feed  grown 
on  the  plac& 

SEED  SELECTION. 

The  majority  of  farmers,  even  those  who  make  a  specialty  of 
potato  growing,  acknowledge  that  they  use  for  seed  the  tubers  that 
are  too  small  to  sell,  and  some  even  tell  boastfully  how  they  have 
followed  that  plan  for  many  years  and  are  still  raising  the  same 
variety.  It  is  at  the  same  time  noticeable  that  a  farmer  does  not 
often  exhibit  a  variety  of  potato  which  he  has  grown  consecutively 
for  many  years  from  seed  produced  on  his  own  farm.  Why  should  a 
variety  of  potatoes  "run  out"  and  be  discarded  after  a  period  of 
years  any  more  than  a  variety  of  corn  or  apples?  The  common  prac- 
tice of  planting  cull  tubers  very  probably  explains  in  part  the  deteri- 
oration of  a  variety  in  the  Northern  States,  where  the  potato  plant  is 
in  a  favorable  environment  so  far  as  natural  conditions  go.  In  con- 
trast to  the  common  practice,  an  occasional  farmer  is  to  be  found 
who  uses  some  care  in  the  choice  of  seed  stock.  Some  take  all  of  the 
crop  from  that  portion  of  the  field  which  has  the  best  stand  and 
gives  the  best  yield,  both  in  quantity  and  quality.  Others  pick 
medium-sized  tubers  of  the  desired  shape  and  general  appearance 
from  the  bins  after  the  crop  is  in  storage.  These  men  usually 
maintain  the  yield  and  quality  of  their  potatoes  somewhat  above 
that  of  their  neighbors. 

SELECTION  BY  HTT..Ta. 

An  occasional  potato  grower  is  heard  of  who  gets  ahead  rather 
more  rapidly  by  following  more  thorough  methods.  One  man  in 
Michigan  started  several  years  ago  by  saving  a  large  number  of 
separate  hills  of  potatoes.  Each  hill  was  from  one  seed  piece,  and 
only  such  hills  as  contained  six  or  more  smooth  tubers  of  merchant- 
able size  and  no  cull  tubers  were  saved.  Of  the  potatoes  grown  in 
the  field  the  first  year,  only  16  hills  out  of  every  100  were  of  the 
standard  required.  All  the  tubers  from  those  hills  were  planted, 
and  soon  enough  seed  was  available  for  the  entire  crop,  the  selecticm 
in  subsequent  years  being  made  from  the  most  thrifty-appearing 
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portion  of  the  field.  After  the  plan  bad  been  followed  for  five  years 
TO  hills  out  of  100  were  found  which  met  the  requirements,  i.  e.,  the 
percentage  of  good  bills  had  been  increased  from  16  to  70  in  five 
years  of  selection.  The  yields  on  this  farm  were  about  double  those 
on  the  ordinary  farm  in  tlie  same  locality,  and  all  the  increased 
yield  could  not  be  attributed  to  the  better  culture'  of  the  crop.  The 
yielding  power  of  the  good  bills  of  potatoes  in  this  case  was  not 
necessarily  increased  at  all,  but  the  progeny  of  vigorous  plants  fur- 
nished more  and  more  of  the  seed  for  the  crop.  The  writer  has  had 
the  opportunity  to  select  some  hills  of  Rural  New  Yorker  potatoes 
for  two  years.  The  first  year  8  per  cent  of  the  hills  were  saved,  and 
of  the  crop  grown  from  that  8  per  cent  the  second  year  there  were 
found  to  be  20  per  cent  which  met  the  requirements.     (See  fig.  11.) 


Some  of  the  State  agricultural  experiment  stations  have  carried  on 
the  bill  selection  of  potatoes  for  two  or  three  consecutive  years,  far 
enough  at  least  to  show  definitely  that  the  increased  yield  of  a  variety 
comes  most  rapidly  and  unfailingly  from  the  hill  method  already 
suggested,  provided  a  hill  grows  from  one  piece  of  seed  as  the  unit 
of  selection.  Even  though  no  change  is  brought  about  in  tlie  char- 
acter of  the  seed  the  percentage  of  unproductive  seed  is  decreased 
by  this  means,  and  the  standard  of  the  whole  approaches  that  of 
the  few  best  bills  in  the  beginning.     (See  fig.  11.) 

No  matter  bow  good  a  tuber  is  it  may  come  from  a  distinctly  poor 
hill  where  it  was  the  only  good  potato  out  of  many,  the  rest  being 
all  of  unsalable  size.  The  tendency  for  a  tuber  to  reproduce  not  the 
characteristics  of  itself  alone,  but  those  of  the  whole  hill  of  which 
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it  was  a  part,  was  indicated  by  the  experiments  referred  to.  For  the 
reason,  no  doubt,  that  many  of  the  small  potatoes  come  from  heavily 
yielding  hills  the  seed  derived  by  planting  calls  continuously  runs 
out  slowly.  In  short,  even  a  small  potato  from  a  good  hill  of  which 
it  was  the  only  small  tuber  is  preferable  to  a  large  tuber  from  a  poor 
hill  where  it  grew  with  many  small  ones.  As  medium-sized  i>otatoe^ 
are  preferable  to  excessively  large  ones  not  only  for  seed  but  for  gen- 
eral table  une  (aside  from  cooking  in  some  few  special  ways),  the 
grower  should  select  as  a  standard  the  hills  which  contain  a  large 
nunil>er  of  medium-sized  tubers,  say  from  eight  to  ten,  with  little 
or  no  waste.  A  very  large  number  is  probably  not  advisable,  for  the 
tendency  to  set  so  many  tubers  would  be  a  disadvantage  should  that 
seed  be  planted  under  unfavorable  conditions  of  soil  or  climate. 

As  the  northern  potato-growing  States  furnish  not  only  the  seed 
for  their  own  crop  but  that  for  the  early  crop  throughout  the  South, 
the  productiveness  of  the  standard  varieties  of  potatoes  must  be 
maintained  in  the  North.  The  improvement  in  yield  of  an  old  vari- 
ety, well  fried  out,  is  vastly  more  important  than  the  originating  and 
promoting  of  new  varieties,  and  this  latter  task  should  be  left  to  the 
specialist. 

To  the  potato  grower  who  would  improve  his  potatoes  in  yield  and 
quality  a  few  general  directions  can  be  given,  as  follows: 

Dig  a  few  hundred  hills  by  hand  out  of  the  most  thrifty-appearing 
portion  of  the  field  and  let  each  hill  lie  by  itself  when  dug.  From 
them  select  such  hills  as  comply  with  the  standard  suggested,  no  mat- 
ter how  small  a  percentage  of  such  hills  is  obtained.  By  planting 
thej^»  selected  hills  in  a  few  separate  rows  and  digging  them  the  fol- 
lowing season  in  the  same  way  the  first  selection  was  made,  the 
work  of  selection  may  be  decreased.  The  selected  hills  should  be 
1)1  anted  in  a  seed  plot  each  year  and  all  the  rest  of  the  product  of  the 
plot  of  the  previous  year  should  be  used  in  planting  the  main  crop. 
It  is  inadvisable  to  have  the  seed  bed  on  particularly  rich  soil,  but 
rather  imder  just  such  conditions  of  care  and  soil  as  the  main  crop. 
When  one  becomes  sufficiently  familiar  with  the  appearance  of  sepa- 
rate hills  and  the  diflFerence  in  character  between  them,  it  is  possible 
for  him  to  select  the  desirable  hills  by  following  behind  the  digger, 
osj)e(!ially  when  the  hills  are  not  planted  too  close  together  in  the  row. 
AVith  this  way  of  making  the  selection,  a  small  plot  in  which  the 
selection  is  made  by  hand  digging  should  still  be  kept. 

CONCLUSIONS. 

The  recommendations  to  be  made  in  methods  of  handling  the 
potato  crop,  based  on  observing  potato  growing  in,  various  sections 
of  the  North  as  thus  far  described,  are  briefly  as  follows: 
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Soils  adapted  to  potato  growing. — ^The  growing  of  potatoes  is  not  by 
any  means  necessarily  confined  to  a  limited  class  of  soils.  In  general, 
the  crop  is  more  successfully  handled  on  soils  which  are  naturally  well 
drained,  but  sometimes  equally  successful  results  are  obtained  on 
rather  heavy  or  moist  soils  which  have  been  tile  drained. 

Importance  of  rotation  of  crops. — The  rotation  of  crops  in  which 
potatoes  are  grown  appears  to  be  one  of  the  most  important  factors 
for  the  continued  success  of  the  potato  grower.  The  rotation  should 
in  general  be  the  shortest  which  is  found  practicable  in  meeting  the 
other  demands  of  the  farm  and  should  be  such  as  to  give  a  good  stand 
of  some  leguminous  crop  the  season  previous  to  the  potato  crop. 
Usually  in  northern  sections  the  best  adapted  and  most  useful  crop 
is  clover,  which  should  be  cut  for  hay  only  one  year  before  the  land 
is  plowed  and  planted  to  potatoes.  In  the  North  the  length  of  time 
required  to  establish  clover  permits  the  introduction  of  a  spring  grain 
crop  without  loss  of  time. 

Use  of  commercial  fertilizers. — ^Well-chosen  commercial  fertilizers 
have  been  shown  to  be  profitable  when  not  applied  to  excess.  The 
fertilizer  should  be  selected  for  its  formula  and  not  on  account  of  the 
statements  of  a  manufacturer  who  calls  it  a  "  potato  fertilizer."  It 
is  not  advisable  to  buy  a  large  proportion  of  nitrates  in  the  form  of 
commercial  fertilizers,  since  a  careful  potato  grower  can  furnish  them 
more  cheaply  by  means  of  plowing  under  the  sod  and  stubble  of 
leguminous  crops. 

Application  of  barnyard  mannre. — ^The  man  who  has  a  supply  of 
barnyard  manure  on  his  farm  every  year  is  the  one  who  will  find  it 
most  easy  to  keep  up  his  yield  of  potatoes  from  year  to  year.  Barn- 
yard manure  is  not  as  a  rule  suitable  for  direct  application  to  the 
pK>tato  crop,  because  when  so  applied  it  favors  the  development  of 
scab,  but  in  a  short  rotation  it  may  be  used  far  enough  in  advance 
of  the  potato  crop  to  avoid  this  difficulty  and  in  such  a  way  as  to 
keep  up  the  supply  of  humus  in  the  soil.  Thus  potato  growing  is 
possible  even  after  the  crop  has  been  grown  at  intervals  of  three  or 
four  years  for  a  long  period  of  time. 

Heoessity  for  thorongh  cultivation  of  the  crop. — Thorough  tillage 
seems  even  more  important  for  the  potato  crop  than  for  the  other 
ordinary  field  crops,  since  the  tubers  demand  a  soil  which  is  not  com- 
pact, in  which  they  may  grow  to  good  size  and  be  of  regular  shape. 
This  is  accomplished  by  deep  plowing  and  otherwise  thorough  fitting 
of  the  land  before  planting  and  by  continued  working  of  the  crop 
after  planting.  The  crop  should  not,  however,  be  cultivated  deep, 
esj)ecially  close  to  the  rows,  after  the  vines  have  attained  any  consid- 
erable size.  In  the  drier  soils  and  climatic  regions  the  more  level  the 
cultivation  the  better  for  the  crop.    The  potato  row  should  never  be 
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hilled  up,  if  it  is  possible  to  avoid  it,  in  a  loose,  well-drained  soil 
where  the  rainfall  is  not  excessive.  The  seed  should  be  planted  deep 
in  the  first  place,  so  that  the  tubers  will  grow  beneath  the  sur&oe 
without  hilling.  In  sections  where  the  soil  is  more  moist  and  the  rain- 
fall during  the  summer  likely  to  be  overabundant,  planting  more 
shallow  and  hilling  up  scunewhat  will  place  the  seed  in  a  warmer  soil 
for  early  growth  and  do  much  toward  keeping  the  crop  suitably 
drained  later  in  the  season. 

Spraying  to  prevent  blight. — ^In  the  humid  climate  of  the  region  near 
the  Great  Lakes  and  eastward  to  the  Atlantic  coast,  spraying  with 
Bordeaux  mixture  as  a  preventive  of  serious  damage  by  blight  is  far 
more  profitable  and  effective  than  any  subterfuge,  such  as  late  plant- 
ing, which  may  be  employed. 

Kachinery  desirable. — The  thoroughgoing  use  of  machinery  in  po- 
tato growing  is  one  of  the  most  important  factors  in  making  a  crop 
profitable.  Even  when  a  farmer  grows  such  a  small  acreage  as  to 
make  it  not  worth  while  to  own  a  planter  or  digger  he  can  at  least 
reduce  the  hand  labor  on  his  crop  by  avoiding  any  hoeing  unless  it 
be  to  cut  out  a  few  large  weeds  in  the  middle  of  the  season.  Hand 
hoeing  can  be  practically  eliminated  on  any  potato  field  by  the  fre- 
quent and  thorough  use  of  a  conmion  cultivator  of  any  kind,  together 
with  either  a  horse  hoe  for  hilling  the  crop  or  a  weeder  for  the  early 
work  in  level  cultivation.  Both  the  horse  hoe  and  ordinary  weeder 
are  inexpensive  implements  and  the  work  of  the  latter  may  be  accom- 
plished with  a  smoothing  harrow.  In  communities  where  each  farmer 
grows  only  a  small  acreage  of  potatoes  still  further  gain  is  made  by 
using  one  planter  or  one  digger  on  several  farms,  either  as  the  result 
of  joint  ownership  or  renting  of  the  machine. 

Marketing  the  crop. — The  successful  marketing  of  potatoes  depeads 
very  little  on  the  immediate  proximity,  of  a  center  of  population  large 
enough  to  consume  them.  Unless  some  local  freight  rate  is  particu- 
larly exorbitant,  shipment  for  200  or  300  miles  is  no  obstacle  in  gro'w- 
ing  potatoes.  The  principal  requisite  in  shipping  the  crop  is  to  have 
sufficient  quantities  to  ship  the  potatoes  in  carload  lots  of  500  to  600 
bushels.  With  good  management  a  potato  crop  should  be  profitable 
at  a  selling  price  of  35  cents  a  bushel. 

Maintaining  a  supply  of  hnmiui  in  the  soil. — Of  the  three  sources  of 
fertility  utilized  in  growing  a  potato  crop  two  of  them  together  are 
often  used  with  good  success,  but  the  use  of  all  three — a  rotation 
which  provides  some  leguminous  crop  directly  preceding  the  p)ota- 
toes,  live  stock  which  furnish  barnyard  manure,  and  some  form  of 
commercial  fertilizer  containing  potash  and  phosphoric  acid — brings 
the  most  successful  results  in  economical  potato  production,  especially 
when  continued  throughout  a  long  period  of  years.    On  this  account 
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potato  growing  is  often  most  successful  on  live-stock  farms  in  the 
Northern  States,  and  on  such  farms  where  most  of  the  other  crops 
produced  are  used  for  feeding  some  kind  of  stock  the  potato  fits  into 
the  rotation  remarkably  well.  On  a  dairy  farm,  for  instance,  where 
a  short  rotation  of  silage  com,  small  grain  for  hay  or  grain,  and 
clover  hay  is  grown,  a  potato  crop  is  most  easily  fitted  into  the  rota- 
tion, being  planted  on  the  clover  sod  and  followed  by  a  crop  of  com 
for  silage,  the  manure  from  the  live  stock  being  used  on  the  corn  crop 
and  as  a  top-dressing  on  the  hay  crop  after  the  grain  is  harvested. 
This  is  not  only  most  advantageous  for  the  potato  crop,  but  this 
procedure  gives  the  farmer  whose  income  is  otherwise  entirely  from 
his  dairy  cattle  and  other  live  stock  a  cash  crop  to  sell  outright  and 
one  that  is  safe  and  far  more  profitable  than  a  crop  of  wheat,  for 
instance,  could  possibly  be.  Potato  growing  in  the  States  where  it 
now  is  conspicuous  seems  likely  to  increase  along  with  the  increase 
of  dairying  or  other  forms  of  live-stock  farming  and  not  to  the 
exclusion  of  those  types.  On  the  other  hand,  intensive  live-stock 
farming  is  not  likely  to  crowd  out  potato  growing,  but  rather  to 
increase  the  total  production  if  not  the  acreage  of  the  potato  crop. 


[A  list  giving  the  titles  of  all  Farinere*  Bulletins  available  for  distribution  will  be 
sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of  Agriculture.] 
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Bxperiment  Station  Work  is  a  subseries  of  brief  popular  bulletins  compiled 
from  the  published  reports  of  the  agricultural  experiment  stations  and  kindred 
institutions  In  this  and  other  countries.  The  chief  object  of  these  publications 
is  to  disseminate  throughout  the  country  Information  regarding  experiments  at 
the  different  experlmait  stations,  and  thus  to  acquaint  farmers  in  a  general  way 
with  the  progress  of  agricultural  investigation  on  Its  practical  side.  The  results 
herein  reported  should  for  the  most  part  be  regarded  as  tentative  and  suggestive 
rather  than  conclusive.  Further  experlmaits  may  modify  them,  and  experl^ice 
alone  can  show  how  far  they  will  be  useful  in  actual  practice.  The  work  of 
the  stations  must  not  be  depended  upon  to  produce  "  rules  for  farming."  How 
to  apply  the  results  of  experlm^ats  to  his  o¥m  conditions  will  ever  remain  the 
problem  of  the  individual  farmer. — ^A.  C.  Tbue,  Director,  Office  of  Experiment 
Stations. 
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TBEATMENT  OF  mrCE  SOUS.^ 

Muck  soils  are  widely  distributed,  in  small  ot  large  areas,  in  the 
United  States.  When  properly  drained  and  handled  they  are  in 
many  cases  extremely  productive.  The  amount  of  muck  land  re- 
claimed by  drainage  and  brought  under  cultivation  is  rapidly  in- 
creasing, and  it  is  becoming  a  matter  of  considerable  importance  to 
know  the  best  methods  of  utilizing  such  lands.  Extensive  areas  of 
muck  soils  are  found  in  Florida,  and  in  a  recent  bulletin  of  the 
Florida  Station,  A.  W.  Blair  summarizes  the  results  of  his  study  of 
these  soils  and  makes  suggestions  regarding  their  treatment  which 
are  of  general  interest.  He  states  that  "  muck  soils  are  formed  by 
the  decay,  in  low  wet  places,  of  grasses,  weeds,  twigs,  leaves,  and  even 
trees.  Being  so  largely  formed  from  vegetable  matter,  they  are 
much  richer  in  nitrogen  than  ordinary  soils.  They  usually  also  con- 
tain small  amounts  of  phosphorus  and  potassium." 

It  is  recognized,  of  course,  that  proper  drainage  is  a  necessary  pre- 
requisite to  the  use  of  muck  soils,  for  "  if  muck  soils  are  to  be  culti- 
vated it  is  obvious  that  they  must  first  be  drained.  This  is  necessary 
in  order  that  they  may  become  the  home  of  the  various  kinds  of  micro- 
organisms Uiat  play  an  important  part  in  the  making  of  a  fertile  soil. 
These  micro-organisms  need  moisture,  but  they  can  not  develop  in 
mud  or  standing  water." 

The  method  of  cultivation  requires  particular  attention. 

Caltivation  should  be  deep,  especiaHy  at  first,  in  order  that  the  air  may  thor- 
oughly penetrate  the  soU.  Muck  soils  often  contain  substances  that  are  in- 
jurious and  even  poisonous  to  plants.  What  these  poisonous  substances  are 
exposed  to  the  air  they  are  probably  oxidized  to  a  considerable  extent  and  thus 
destroyed.  A  free  circulation  of  the  air  also  improves  the  conditions  for  the 
development  of  the  useful  micro-organisms. 

Muck  soils  are  generally  acid  or  sour,  and  this  acidity  must  be 

corrected  before  they  will  be  productive. 

Suitable  materials  for  this  purpose  are  finely  ground  limestone,  air-slaked 
lime,  wood  ashes,  and  marl.    Finely  ground  limestone  (the  native  rock)  is  to  be 

«A  progress  record  of  experimental  inquiries,  published  without  assumption  of 
reeponsibility  by  the  Department  for  the  correctness  of  the  facts  and  conclusions 
reported  by  the  stations. 

»  Ck)mpUed  from  Florida  Sta.  Bui.  93 ;  Press  Bui.  100. 
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preferred  to  the  forms  commonly  used,  since  it  is  eflPectiye,  is  more  easily  han- 
dled, and  harm  is  not  likely  to  result  from  the  use  of  amounts  in  excess  of  what 
is  needed  to  neutralize  the  acids. 

It  will  be  necessary  in  most  places  to  use  larger  quantities  [of  neutralizing 
material]  on  muck  soils  than  on  upland  soils.  If  limestone  is  used,  2  to  6  tons 
per  acre  should'  be  applied.  If  lime  is  tak^i,  a  ton  and  a  half  or  two  tons  may 
be  used.  The  material  should  be  thoroughly  worked  into  the  soil  one  or  two 
months  before  the  crop  is  planted.  This  will  give  time  for  the  lime  to  neu- 
tralize the  acid. 

The  importance  of  destroying  the  acids  can  be  better  appreciated  wh^i  we 
remember  that  the  micro-organisms  that  convert  organic  nitrogen  into  a  form 
that  can  be  used  by  plants  can  not  develop  in  a  highly  acid  soiL  The  limestone 
and  lime  also  furnish  a  suitable  base  with  which  the  nitric  add  that  is  formed 
may  unite,  thus  producing  calcium  nitrate  which  can  be  tak^i  up  by  planta 

If  muck  is  to  be  used  [for  fertilizing  purposes]  on  upland  soils,  It  is  also 
necessary  for  the  acids  to  be  destroyed.  This  can  be  done  either  by  composting 
it  with  one  of  the  materials  already  mentioned,  or  by  applying  the  latter  when 
the  muck  is  applied,  or  afterwards,  and  thoroughly  mixing  both  with  the  soil 
by  cultivation.  Muck  may  be  improved  by  simply  drying  and  thoroughly  airing 
it.  This  is  especially  true  of  mucks  that  contain  iron  compounds.  We  can  not 
expect  a  satisfactory  yield  of  such  crops  as  celery  and  lettuce  on  muck  land 
until  the  acids  have  been  largely  destroyed. 

It  occasionally  happens  that  a  muck  deposit  is  underlaid  with  marl,  or  is  in 
close  proximity  to  a  limestone  formation.  In  such  cases  it  is  not  so  likely  to  be 
acid,  and  might  not  require  the  treatment  with  lime. 

Muck  soils  being  especially  rich  in  nitrogen  should,  one  would  think,  require 
but  little,  if  any,  of  the  nitrog^ious  fertilizers.  Experience,  however,  has 
shown  that  in  many  cases  th^  do  require  added  nitrogen.  This  is  because  th^ 
are  so  strongly  impregnated  with  acids  that  the  bacteria  which  would  other- 
wise convert  the  inert  nitrogen  of  the  organic  matter  into  soluble  nitrates 
can  not  live.  When  this  unfavorable  condition  has  been  corrected,  less  nitrogen 
in  the  form  of  commercial  fertilizer  will  be  required.  If  a  quick-growing  vege- 
table crop  is  being  produced,  nitrate  of  soda  may  be  used  to  good  advantage,  as 
may  also  stable  manure,  since  it  introduces  beneficial  bacteria ;  but  sulphate  of 
ammonia  and  organic  forms  of  nitrogen  (such  as  cotton-seed  meal  and  castor 
pomace)  should  not  be  used;  the  former  because  it  will  aggravate  the  acid  con- 
dition and  the  latter  because  there  is  already  enough  organic  nitrogen  present 
Phosphoric  acid  and  potash  may  be  used  liberally  if  desired.  For  phosphoric 
acid,  ground  bone  is  an  excellent  material ;  while  a  ton  or  two  of  finely  ground 
phosphate  rock  (fioats)  would  also  be  helpful;  not  so  much,  however,  for 
immediate  results  as  for  future  crops,  since  the  acids  in  the  muck  will  very 
gradually  convert  the  insoluble  phosphoric  acid  into  the  available  fonn.  For 
potash,  any  of  the  potash  salts  will  suit.  Kalnlt  has  been  used  on  the  mock 
soils  of  Illinois  with  good  results.  Hard-wood  ashes  are  an  excellent  source  of 
I)otash,  if  they  can  be  produced  on  the  place  or  bought  at  a  reasonable  price. 

HAinnEOlS  FOB  TDCOTHT  EAT.« 

The  value  of  the  hay  crop  of  this  country  is  exceeded  only  by  that 
of  com  and  cotton,  yet  it  is  evident  to  those  who  have  inquired  into 
the  matter  that  neither  in  quantity  nor  in  quality  is  this  crop  what  it 

•  0>mpiled  from  New  York  Ck)mell  Sta.  Bui.  261. 
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might  easily  and  profitably  be  made.  Grass  lands  do  not  as  a  rule 
receive  the  care  and  treatment  their  importance  warrants,  and  the 
improvement  of  hay-producing  plants  has  been  given  less  attention 
than  that  of  many  other  farm  crops.  This  Department  and  several 
of  the  experiment  stations  have,  however,  realized  the  importance  of 
the  hay  crop  and  are  making  efforts  to  bring  about  improvements  in 
its  production. 

The  New  York  State  and  the  New  Jersey  experiment  stations  have 
shown  that  nitrogen  is  the  predominant  constituent  in  a  fertilizer  for 
timothy  and  grasses  in  general,  and  have  indicated  how  nitrate  of 
soda  may  be  profitably  used  for  increasing  the  yield  of  such  plants.* 
The  Maine  Experiment  Station  has  shown  how  to  prepare  home 
mixtures  of  fertilizers  suited  to  grass  lands.^  The  Rhode  Island 
Experiment  Station  has  very  carefully  worked  out  the  most  suitable 
methods  of  top-dressing  grass  lands  in  order  to  maintain  a  good 
yield  without  the  use  of  manure.^'  The  West  Virginia  Station,  on  the 
other  hand,  has  shown  how  grass  lands  may  be  improved  by  the  con- 
tinuous use  of  manure  alone.'  The  Oklahoma  Station  has  done  much 
to  improve  the  hardiness  and  yield  of  Bermuda  grass  as  a  hay  plant 
and  to  extend  its  use  in  regions  of  scanty  or  uncertain  rainfall.* 

Timothy  may  be  taken  as  the  type  of  hay  grasses,  and  results 
obtained  with  it  may  be  considered  as  in  large  measure  representative 
of  and  applicable  to  such  grasses  in  general.  For  several  years  the 
New  York  Cornell  Experiment  Station  has  been  investigating  the 
best  means  of  improving  the  quality  and  increasing  the  yield  of 
timothy  hay.  A  recent  report  by  J.  A.  Bizzell  and  J.  O.  Morgan 
sums  up  the  results'  of  these  investigations,  which  included  more 
particularly  experiments  with  stable  manure  (10  to  20  tons  per 
acre)  and  various  combinations  of  nitrate  of  soda  (160,  320,  and  640 
pounds  per  acre),  superphosphate  (320  and  640  pounds  per  acre), 
and  muriate  of  potash  (80  pounds  per  acre)  applied  in  a  six-year 
rotation  of  com,  oats,  wheat,  and  timothy  (three  years)  on  plats  of 
a  tenacious  clay  loam  (Dunkirk  clay  loam).  The  soil  on  which 
these  experiments  were  made  is  difficult  to  work  except  when  moisture 
conditions  are  most  favorable,  but  is  considered  a  type  of  soil  well 
adapted  to  timothy. 

The  plan  was  to  seed  to  wheat  and  timothy  in  the  fall  of  ^lOOS,  so  the  first 
application  of  fertlllEers  and  stable  manure  that  the  plats  received,  was  made 
September  16,  1003.  Early  fall  rains  prevented  the  seeding  of  wheat,  as 
planned,  and  in  the  spring  of  1904,  on  April  15,  oats  were  so¥m  at  the  rate  of 

«  U.  S.  Dept  Agr.,  Farmers'  Bui.  210,  p.  6. 
^  U*  a  Dept  Agr.,  Farmers'  Bui.  222,  p.  8. 
<'  U.  S.  Dept  Agr.,  Farmers*  Bui.  227,  p.  5. 
*U.  S.  Dept  Agr^  Farmers'  Bui.  276,  p.  18. 
«  U.  S.  Dept  Agr.,  Farmers'  Bui.  820,  p.  12. 
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9  pecks  per  acre  together  with  timothy  at  the  rate  of  15  pounds  per  acre, 
without  the  application  of  any  further  fertilizers.  The  second  applicati<Hi  of 
fertilizers  was  made  April  5,  1905;  the  third  application,  April  17,  1906;  and 
the  fourth,  May  1,  1907.  Stable  manure  was  not  added  every  year  as  were  the 
fertilizers,  the  second  application  being  made  October  2,  1906. 

One-half  of  each  plat  was  treated  with  slaked  lime  at  the  rate  of 
1,000  pounds  per  acre. 

In  attempting  to  draw  practical  suggestions  from  the  results 
of  these  experiments  attention  is  especially  called  to  the  fact  that — 

It  is  difficult  to  make  definite  recommoidations  in  regard  to  the  use  of 
fertilizers  for  grass  lands.  It  is  definitely  known  that  chemical  fertiUiers 
very  oft^i,  we  may  say  usually,  exert  a  marked  Infiuence  on  crops,  but  it  is 
almost  impossible  to  say  Just  what  fertilizers  or  how  much  of  them  diould 
be  used  in  a  giv«i  case  with  the  assurance  that  the  results  will  be  favorable. 
Every  farmer  must  experimait  with  his  own  land,  using  the  experloice  of  other 
farmers  and  investigators  as  suggestions  only. 

The  experiments,  however,  make  it  clear  that  "of  the  fertilizing 
elements  usually  applied  as  plant  food,  nitrogen  seems  to  be  the  most 
potent  factor  in  increasing  the  yield  of  tim<ythy  and  related  grasses. 
Unlike  the  clovers  and  other  leguminous  plants,  timothy  is  incapable 
of  acquiring  any  of  its  nitrogen  from  the  air,  but  must  depend  on  that 
supplied  to  the  soil.  The  best  evidence  shows  tiiat  it  requires  for 
its  full  development  a  liberal  supply  of  nitrogen  throughout  the 
growing  period,"  a  fact  which  has  also  been  clearly  demonstrated 
by  the  New  Jersey,  New  York,  and  Rhode  Island  experiment  sta- 
tions. While  nitrogen  thus  appears  to  be  the  dominant  fertilizing 
constituent,  it  attains  its  greatest  efficiency  only  when  judiciously 
combined  with  potash  and  phosphoric  acid. 

In  the  Cornell  experiments  "  the  best  financial  returns  were  ob- 
tained when  farm  manure  was  applied  at  the  rate  of  20  tons  per 
acre."  In  the  experiments  at  the  West  Virginia  Station,  to  which  ref- 
erence has  already  been  made,  there  was  not  only  a  net  profit  of  $36 
per  acre  from  applications  of  10  to  15  tons  per  acre  of  manure  for 
six  years,  but  the  soil  was  in  much  better  condition  at  the  end  than 
at  the  beginning  of  the  experiment. 

The  lasting  effects  or  the  value  of  farm  manure  to  later  crops  should  always 
be  considered  when  comparing  it  with  the  value  of  commercial  fertllizera.  On 
the  Dunlcirb:  clay  loam  of  New  Yorlc  State  the  best  financial  returns  may  be 
expected  from  the  use  of  farm  manure  when  the  latter  can  be  purchased  for 
50  cents  a  load.  This  estimate  does  not  include  the  effect  on  subsequ^it  crops, 
to  which  a  value  should  be  assigned. 

For  the  New  Yorlc  farmer  who  wishes  to  raise  a  large  proportion  of  hay  on 
this  type  of  soil  an  eight-year  rotation  may  be  suggested — wheat  one  year,  hay 
five  years,  com  one  year,  and  oats  one  year.  The  farm  manure  should  be  In- 
corporated with  the  soil  previous  to  seeding  with  timothy  and  wheat  in  the 
fall.  In  the  following  spring  a  mixture  of  red  and  alsike  clover  should  be 
seeded.    Annual  applications  of  farm  manure  should  then  be  made  for  the 
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cropfi»  the  applications  being  given  as  top-dressings  in  the  fall  and  harrowed  in 
the  following  spring.  For  the  com  crop  a  similar  application  may  be  made. 
No  fertilizer  of  any  kind  need  be  applied  for  the  oats.  It  might  be  advisable 
in  some  cases  to  make  top-dressings  of  manure  once  in  two  years,  in  which 
case  larger  applications  should  be  made. 

When  farm  manure  can  be  procured  in  sufficient  quantity  the  use  of  commer- 
cial fertilisers  is  not  necessary.  But  the  farmer  often  finds  it  advantageous 
to  reserve  a  large  part  of  the  farm  manure  for  other  crops,  in  which  case  com- 
mercial fertilizers  may  be  substituted  wholly  or  in  part  if  used  Judiciously. 
When  the  supply  of  farm  manure  is  limited  it  would  be  advisable  to  use  smaller 
applications  in  the  fall  than  stated  above,  supplementing  this  in  the  early  spring 
by  small  applications  of  the  commercial  fertilizers. 

Of  the  commercial  fertilizers,  the  most  satisfactory  returns  were  obtained 
on  Dunkirk  clay  loam  by  the  use  of  a  complete  fertilizer  consisting  of  320 
pounds  of  nitrate  of  soda,  320  pounds  of  acid  phosphate,  and  80  pounds  of 
muriate  of  potash  per  acre. 

It  is  believed,  however,  that  the  use  of  a  mixture  of  200  pounds  of 
nitrate  of  soda,  100  pounds  of  superphosphate,  and  50  pounds  of 
muriate  of  potash  per  acre  would  be  more  economical,  but  in  any  case 
^  it  would  be  best  for  the  farmer  to  determine  by  actual  field  tests 
the  quantity  most  desirable  for  his  land." 

As  the  mixed  fertilizers  found  on  the  market  usually  do  not  contain  the  ele- 
ments in  the  proportion  suggested  by  the  above  formula,  it  would  be  best  for  the 
farmer  to  buy  the  separate  ingredients  and  mix  them  himself.  The  ingredients 
called  for  are  usually  sold  under  guaranty  by  the  fertilizer  companies  and  vary 
little  from  the  following  composition :  Nitrate  of  soda,  15  to  16  per  cent  nitro- 
gen; add  phosphate,  12  to  14  per  cent  available  phosphoric  acid;  muriate  of 
potash,  60  per  cent  potash. 

There  are  certain  advantages  in  home  mixing  to  which  attention  is 

called,  but  it  is  pointed  out  that  if  home  mixing  is  undertaken  it  is 

quite  important  that   it  should  be  carefully  done  in   order  that 

thorough  and  even  mixtures  may  be  obtained. 

Commercial  fertilizers  are  well  adapted  to  top-dressing  grass  lands,  since 
they  can  be  easily  applied  by  hand  and  since  they  contain  the  plant-food  ele- 
ments in  an  easily  soluble  form,  and  are  therefore  immediately  available  to  the 
growing  crop.  Because  of  their  ready  availability  there  is  danger  of  loss  by 
leaching.  In  view  of  this  fact  they  should  be  applied  in  the  early  spring,  just 
as  the  grass  is  beginning  to  grow. 

In  the  experiments  at  the  Rhode  Island  Station  referred  to  above 
it  was  foimd  that  a  mixture  of  400  to  500  pounds  per  acre  of  super- 
phosphate and  300  to  350  pounds  of  muriate  of  potash  and  nitrate 
of  soda  applied  as  an  annual  top-dressing  from  April  15  to  25  would 
maintain  a  good  yield  of  timothy  without  the  use  of  stable  manure, 
"which  is  subject  to  the  objection  that  the  coarser  undecomposed 
material  of  the  manure  remaining  upon  the  meadow  is  likely  to  be 
raked  up  with  the  hay,  and  that  the  manure  sometimes  has  the  effect 
of  reducing  the  quality  of  the  grass  by  causing  a  rank  growth  or  by 
the  introduction  of  weeds. 

39191— Bui.  36^—10 2 
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In  the  Cornell  experiments  the  use  of  lime  did  not  result  in  an 
increased  yield  of  hay.  It  has,  however,  been  demonstrated  by  the 
Rhode  Island  Station  that  timothy  does  not  thrive  on  acid  or  sour 
soils  and  that  the  most  effective  practical  means  of  correcting  the 
acidity  is  by  the  application  of  lime  or  wood  ashes. 

TEN  OENEKATIONS  OF  COBH  BBEEDIHO.* 

As  the  work  in  com  breeding  is  carried  on  from  year  to  year 
and  the  accumulation  of  data  increases,  knowledge  regarding  the 
extent  to  which  certain  characters  may  be  influenced  becomes  mote 
definite.  Furthermore,  other  lines  of  work  suggest  themselve&  The 
Illinois  Station  has  recently  summarized  the  results  of  several  lines 
of  its  corn-breeding  work  in  progress  for  a  series  of  years,  which 
indicate  clearly  how  pliable  the  corn  plant  may  become  in  the  hands 
of  the  plant  breeder.  The  work  with  reference  to  changing  the 
composition  of  the  grain,  more  particularly  the  protein  and  oil  con- 
tent, and  thereby  adapting  it  to  certain  special  purposes,  has  been 
described  in  previous  bulletins  of  this  series  and  the  earlier  results 
secured  were  noted  in  that  connection.*  This  work  of  selection  and 
breeding  is  based  upon  the  results  of  analyses  of  different  ears  from 
a  single  variety,  together  with  the  results  of  analyses  of  different 
parts  of  single  ears,  which  established  the  fact  that  the  ear  of  com 
is  approximately  uniform  in  the  chemical  composition  of  its  kernels 
and  that  there  is  a  wide  variation  in  the  chemical  composition  of 
different  ears  of  the  same  variety.  The  breeding  has  now  been 
carried  through  ten  generations,  and  its  effect  is  indicated  by  the 
data  compiled  from  the  general  averages  of  each  generation  as  shown 
in  the  following  table : 


Ten  generations  of  breeding 

com  for  incretue  and  decrease  of  protein  and  oiL 

High  protein. 

Low  protein. 

HighoU. 

Low  oil. 

Year. 

Dlfler- 
enoe. 

Differ* 

ffnfffi^ 

Seed. 

Crop. 

Seed. 

Crop. 

Seed. 

Crop. 

Seed. 

Crop. 

PereenL 

Percent 

PereenL 

Per  cent. 

Per  cent. 

Per  cent. 

PereenL 

Percent 

ParcemL 

PiBreemL 

1806 

10.92 
11.10 

'"'km' 

10.92 
10.65 

4.70 
4.78 

■'  '4.06' 

4.70 
4.06 

1897 

12.64 

0.65 

5.89 

0Lf7 

1896 

12.49 

11.05 

9.06 

10.65 

.60 

5.20 

6.15 

8.66 

8.  ft 

Lli 

1899 

1900 

13.06 

11.46 

8.45 

9.86 

1.60 

6.15 

6.64 

8.47 

8.82 

1.81 

18.74 

12.82 

6.06 

9.84 

2.98 

6.80 

6.12 

8.88 

8.67 

2.58 

1901 

14.78 

14.12 

7.68 

10.04 

4.06 

6.77 

6.09 

2.96 

8.48 

2.« 

1902 

15.89 

12.84 

8.15 

8.22 

4.12 

6.95 

6.41 

8.00 

8.68 

Sw8i 

1908 

14.80 

18.04 

6.96 

8.62 

4.42 

6.78 

6.60 

2.62 

2.97 

1.68 

1904 

15.89 

15.06 

7.00 

9.27 

5.76 

7.16 

6.97 

2.80 

2.80 

4.68 

1905 

16.77 

14.72 

7.09 

8.57 

6.15 

7.88 

7.29 

2,m 

2.66 

4.71 

1906 

16.80 

14.26 

7.21 

8.64 

5.62 

7.86 

7.87 

2.20 

2.66 

4.n 

With  reference  to  protein  these  results  show  that,  starting  with  a 
single  variety,  it  has  been  possible  in  ten  generations  of  this  work 
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to  increase  the  protein  content  from  10.92  per  cent  to  14.26  per  cent, 
a  gain  of  3.34  per  cent,  while  by  breeding  in  the  opposite  direction 
it  has  been  possible  to  reduce  the  protein  content  from  10.92  to  8.64 
per  cent)  or  a  reduction  of  2.28  per  cent,  making  a  total  difference 
between  the  two  strains  of  5.62  per  cent.    It  is  further  shown  that 
the  high-oil  com  has  increased  from  4.70  per  cent  to  7.37  per  cent 
of  oil,  while  a  low-oil  com  has  decreased  from  4.70  to  2.66  per  cent, 
the  difference  between  the  two  strains  in  1906  being  4.71  per  cent. 
Individual  ears  ranged  in  protein  content  from  6.13  per  cent  in  the 
low-protein  strain  to  17.79  per  cent  in  the  high-protein  strain,  and 
in  oil  content  from  1.60  per  cent  in  the  low-oil  strain  to  8.59  per  cent 
In  the  high-oil  strain.    In  other  parts  of  the  plant  the  proportion  of 
)rotein  is  never  as  high  as  in  the  grain.    The  leaves  averaged  some- 
what higher  in  protein  than  the  stalks,  but  this  condition  was  not 
onstant  in  every  year.    No  regular  difference  between  the  upper 
fid  lower  portions  of  the  stalk  with  reference  to  protein  was  estab- 
shed.    The  crude  fat  in  other  parts  of  the  plant  scarcely  ever 
)proached  the  oil  content  of  the  kernel,  and  was  generally  greater 
the  lower  stalk  and  leaves  than  in  the  upper  stalk. 
High-protein  and  low-protein  seed  were  planted  together  on  one 
it  and  high-oil  and  low-oil  seed  on  another.    These  plats  were  con- 
ued  for  three  years,  and  the  results  secured  did  not  indicate  that 
soil  influences  the  protein  or  the  oil  content.    Continued  selection 
apparently  induced  a  certain  correlation  between  protein  and  oil 
tenty  and  has  resulted  in  characteristic  types  of  kernel  and  per- 
ible  modifications  in  the  type  of  ear.    Selections  for  high  pro^^in 
>nsidered  as  evidently  accompanied  by  a  reduction  in  yield.    It 
so  stated  that  climatic  conditions  exert,  in  certain  years,  a  marked 
t  upK>n  the  composition  of  the  com  crop  as  regards  its  protein, 
nd  starch  content. 

e  phosphorus  content  was  found  always  somewhat  higher  in 
over  and  the  grain  from  the  high-protein  plat.  On  the  high-oil 
ow-oil  plats  the  phosphorus  was  regularly  higher  only  in  the 
>il  grain.  In  general,  the  grain  was  decidedly  the  part  richest 
osphorus.  The  stover  carried  a  much  larger  proportion  of 
ium  than  the  grain,  but  the  stalks  and  leaves  did  not  vary  much 
5  respect.  In  general,  however,  aside  from  the  correlation  de- 
d  betw^een  protein  and  oil  in  the  kernel,  the  changes  in  com- 
n  due  to  breeding  have  not  been  very  marked. 
:her  line  of  breeding  of  more  recent  origin  has  also  given 
\ng  results.  In  1902^  two  sets  of  ears  of  Leaming  com,  the 
resenting  ears  growing  high  on  the  stalk  and  the  other  those 
ow  do'wn  on  the  plant,  were  selected.  The  following  year 
planted  in  a  breeding  plat  and  the  selection  for  high  and 
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low  ears  continued  each  year.    The  results  of  this  work  are  summar- 
ized in  the  following  table : 

General  averages  of  crops  produced  in  com  breeding  for  high  ears  and  for  low 

ears. 


Year. 

Height  of  ear. 

Height  of  plant. 

Knmber  of  in- 

temodee  below 

ear. 

Total  nnmber 

Inteanodea  of 

atalk. 

High- 
ear 
plat. 

Low- 
ear 
plat. 

High- 
ear 
plat 

Low- 
ear 

put 

High- 
ear 

put 

Low- 
ear 

put 

H3«^ 

ear 
plat 

Low- 
plat 

1908 

Inehet, 
56.4 
50.8 
63.8 
56.6 
72.4 
57.8 

Indie$. 
42.8 
88.8 
41.6 
26.5 
88.2 
28.1 

Incha. 
118.9 
106.2 
128.4 
116.8 
180.4 
114.0 

ihdkct. 
108.5 

97.4 
106.5 

86.0 
^.7 

79.8 

8.5 
7.5 
8.2 
9.0 
9.2 

7.2 
6.2 
6.5 
5.9 

16i4 
14.5 
15.4 
15l1 
16.8 
15.5 

ULf 

1904 

VL9 

1905 

IL€ 

1906 

IL* 

1907 

11^0 

1906 

8.2          4.7 

11.5 

The  results  show  that  two  strains  of  com  have  been  produced,  one 
of  which  bears  the  ears  about  3  feet  higher  on  the  stalk  tlian  the  other. 
The  high-ear  strain  has  longer  stalks,  longer  intemodes,  a  greater 
total  number  of  intemodes,  and  a  greater  number  of  intemodes  below 
the  ear  than  the  low-ear  strain. 

Perhaps  the  most  significant  of  all,  as  throwing  light  upon  broader  problems 
of  heredity,  is  the  fact  brought  oat  by  these  results  that  the  com  has  not  only 
responded  to  the  selection,  but  there  has  been  a  gradual  progressire  shlftiiig 
of  the  types  so  that  even  in  the  fourth  generation  the  average  height  of  ears 
in  the  one  strain  is  more  than  twice  that  in  the  other. 

The  smaller  type  of  plant,  or  the  low-ear  strain,  has  a  shorts 
growing  period  than  the  high-ear  strain.  In  yield  of  grain  no  great 
difference  is  indicated,  but  the  high-ear  strain  produces  the  greater 
yield  of  fodder. 

The  experiments  to  influence  the  declination  of  ears  was  begun 

in  1903,  and  the  selections  were  made  according  to  the  angle  of 

declination  at  harvest  time  from  "  Illinois  High  Oil "  com,  a  strain 

under  selection  for  seven  generations  for  increase  in  oil  content.     The 

results  of  this  experiment  are  brought  together  in  the  following 

table : 

Average  degrees  of  declination  of  ears  from  the  perpendicular  in  breeding  for 

erect  ears  and  for  declining  ears. 


Ayeraffe  of 
seed. 

Differ- 
ence 
be- 
tween 
strains. 

crop. 

Differ- 
ence 
be- 
tween 
strains. 

Year. 

£rect- 

ear 
strain. 

DecUn- 
ing-ear 
strain. 

Sreet- 

ear 
strain. 

Declln- 
in^T'-ear 
strain. 

lOfU 

o 

20.0 
16.7 
15.0 
12.8 
7.2 

180.0 
180.0 
180.0 
180.0 
176.0 

160.0 
168.8 
166.0 
167.2 
168.8 

42.0 
«2.2 
40.6 
42.t 

46.0 

t 

o                   • 

46.0  ;          ILA 

1Q05 

117.1 
76.2 
81.6 
88.6 

M.9 

1906 

26.7 

1907 

aas 

1908 

41i 
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The  results  show  that  the  declination  of  the  ear  is  a  character  that 
can  be  influenced  by  breeding.  The  length  of  shank  is  apparently 
the  principal  factor  in  determining  the  declination.  The  declining 
ear  is  the  better  protected  from  rain,  and  is  harvested  with  greater 
facility. 

TELLOW  BEBBT  IN  EABD  WINTES  WHEATS.^ 

By  the  term  "  yellow  berry  "  is  meant  the  appearance  of  grains  of 
a  light  yellow  color,  opaque,  soft,  and  starchy  in  hard  winter  wheats 
which  normally  produce  a  hard,  flinty,  translucent  grain  of  medium 
size  and  of  a  clear,  dark,  reddish-amber  color.    Sometimes  only  part 
of  a  kernel  will  show  the  yellow  berry  characteristics,  while  the  re- 
mainder has  retained  the  normal  translucency  and  hardness.    The 
region  c(»nprising  the  central  and  northern  part  of  Kansas  and  the 
southern  part  of  Nebraska  produces  a  milling  wheat  of  fhe  best 
grade,  because  of  a  very  high  content  of  gluten  of  excellent  quality 
and  texture.    As  the  presence  of  yellow  berry  lowers  the  grade  of 
wheat  and  reduces  its  value  for  milling  purposes,  the  reduction,  and 
preferably  the  total  elimination,  of  yellow  berry  is  of  vital  im- 
portance to  the  farmers  of  the  hard  winter  wheat  section  and  to  the 
millers  who  grind  this  grain.    The  Nebraska  and  Kansas  Experiment 
stations  are  at  work  on  the  problem,  and  the  reports  of  progress  made 
in  their  investigations,  published  in  recent  bulletins,  form  the  basis 
Df  this  article.    There  are  different  views  regarding  the  causes  of 
jrellow  berry.    Some  consider  it  the  result  of  degeneration  in  the 
variety,  others  believe  it  to  be  due  to  climatic  and  soil  conditicms,  or 
•egard  it  as  a  ccmsequence  of  sowing  the  same  seed  year  after  year, 
vhile  still  others  attribute  it  to  the  condition  of  the  crop  at  the  time 
f  harvesting.    The  object  of  the  experiment  station  work  is  to  de- 
ermine  definitely  the  causes  of  this  trouble,  and  to  find  ways  and 
leans  of  reducing  or  preventing  it. 

The  results  of  this  work,  with  reference  to  the  physical  characters 
f  the  yellow  berries,  call  attention  to  the  fact  that  the  difference 
I  color  between  the  flinty  and  the  soft  and  opaque  grains  is  due  to 
diflTerence  in  the  structure  and  contents  of  the  cells  of  the  endo- 
►erm;  that  in  weight,  as  well  as  in  specific  gravity,  the  affected 
*ains  fall  below  the  normal  kernels  of  the  same  variety;  and  that 
e  yellow  berries  show  a  reduced  protein  content.  Lyon  and  Keyser, 
the  Nebraska  Station,  found  that  in  the  yellow  and  opaque  kernels 
e  starch  grains  in  the  cell  were  larger  in  diameter  than  in  the  flinty 
rnels,  although  not  so  large  as  in  the  typical  starchy  wheats. 

Compiled  from  Kansas  Sta.  Bui.  166;  Minnesota  Sta.  Bui.  90;  Nebraska 
.    Bui.    89. 
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In  21  varieties  examined  by  the  Kansas  Experiment  Station  the 
average  weight  of  the  yellow  berries  per  hundred  was  2.596  grams, 
and  that  of  the  hard,  flinty  grains  2.740  grams.  The  average  specific 
gravity  of  the  yellow  berries  was  1.804,  and  of  the  normal  grains 
1.336.  It  is  believed  that  the  reduction  in  specific  gravity  is  probably 
due  to  the  more  numerous  and  larger  air  cavities  within  the  kernel, 
and  possibly  also  to  a  reduced  stardi  content.  Data  at  hand  indicate 
that  the  ordinary  soft  and  starchy  wheats  of  the  Pacific  coast  and 
the  Middle  and  Southern  States  average  somewhat  higher  in  weight 
per  bushel  than  the  hard  winter  and  spring  wheats,  and  that  the 
yellow  berry  in  this  respect  does  not  resemble  the  soft  wheats,  the 
wei^t  as  well  as  the  specific  gravity  falling  below  the  flinty  kernels 
of  the  same  variety.  Analyses  made  at  the  Nebraska  Station  showed 
that  samples  of  hard  winter  wheat  contained  an  average  of  2.79  per 
cent  of  nitrogen,  while  corresponding  samples  of  yellow  berry  con- 
tained only  2.38  per  cent,  thus  indicating  a  reduction  in  the  gluten 
content  and  a  consequent  diminution  in  the  flour-making  value  in  the 
grain  due  to  yellow  berry.  Regarding  the  merits  of  hard  and  soft 
wheats  for  milling  purposes,  Professor  Snyder,  of  the  Minnesota 
Station,  says: 

It  is  generally  considered  that  the  more  amber  and  glutenous  wheats  yield 
a  higher  percentage  of  the  patent  flours  and  less  of  the  clear  and  lower  grades* 
while  the  lighter  colored  or  starchy  wheats  show  a  tendency  to  produce  a 
higher  perc^itage  of  total  flour,  but  less  is  recovered  as  pat^it  graded.  «  «  • 
These  pliysical  cliaracteristics  are  closely  associated  with,  and  dependent  upon, 
chemical  composition.  «  *  «  Wh^i  two  types  of  seed,  light  and  dark,  were 
selected  from  the  same  lot  of  wheat,  the  darker  seeds  in  all  samples  analyzed 
were  found  to  be  richer  in  protein. 

To  determine  the  relation  between  the  amount  of  yellow  berry 
produced  under  the  climatic  conditions  of  the  particular  seasons, 
128  varieties  of  wheat  were  grown  by  the  Kansas  Station  during 
1906-7.  The  heads  were  harvested  when  considered  fully  ripe  and 
dried  under  cover,  so  that  the  existence  of  yellow  berry  could  not  be 
attributed  to  overripeness  or  exposure  to  the  weather  after  cutting, 
but  could  only  be  ascribed  to  the  influence  of  the  weather  before 
harvesting  the  heads  or  to  inherent  hereditary  tendencies  in  the 
varieties  themselves,  or  to  both.  The  results  with  regard  to  the  rela- 
tion of  temperature,  light,  air  movements,  and  precipitation  to  the 
growth  of  the  wheat  plant,  and  the  possible  share  of  each  factor  in 
the  production  of  yellow  berry,  were  found  to  be  extremely  complex 
and  intricate  of  interpretation.  The  influences  of  the  autumn  vege- 
tative conditions  were  studied  both  years,  and  the  data  for  the  two 
seasons  show  the  same  diminution  in  the  percentage  of  yellow  berry 
with  the  shortening  of  the  fall  vegetative  period  and  a  correspond- 
ing decline  in  the  mean  temperature  for  that  period.    The  first  year 
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the  wheat  was  sown  on  six  different  dates,  from  September  28  to 
October  16,  inclusive.  A  general  decrease  in  the  amount  of  yellow 
berry  was  observed  as  the  wheat  was  planted  later.  The  earliest  sown 
plat  contained  53.80  per  cent  of  yellow  berry,  while  the  latest  sown 
plat  contained  only  19.58  per  cent,  these  quantities  being  the  highest 
and  lowest  in  the  series,  respectively.  The  second  year,  when  the 
wheat  was  sown  on  September  26,  27,  28,  and  29,  there  was  a  cor- 
respondingly lower  range  in  the  average  percentage  of  yellow  berry 
fr(»n  the  different  plantings,  the  highest  being  44.33  per  cent  for 
the  wheat  sown  on  September  26  and  the  lowest  32.63  per  cent  for 
the  wheat  sown  September  29.  Apparently  the  reduction  in  the 
total  length  of  the  growing  period  with  the  later  plantings,  the  con- 
sequent lower  mean  temperature  for  the  period  of  fall  growth,  and 
the  necessarily  retarded  and  diminished  development  of  the  plants 
is  in  direct  correspondence  with  the  subsequent  development  of 
yellow  berry,  in  so  far  as  these  data  are  concerned. 

A  study  of  the  vegetative  spring  conditions  in  their  relation  to  the 
production  of  yellow  berry  did  not  give  very  definite  results.  For 
instance,  the  mean  temperature  for  two  weeks  before  ripening  did  not 
show  any  definite  relationship  to  the  yellow-berry  problem,  but 
when  the  possible  influence  of  this  factor  was  traced  back  to  the 
appearance  of  the  spike,  the  total  averages  for  the  two  years  indi- 
cated that  high  temperatures  are  correlated  with  a  minimum  of 
yellow  berry.  The  amount  of  rainfall  from  the  sixth  day  before 
heading  to  the  fourth  day  before  ripening  gave  no  indication  of  cor- 
relation  with  this  difficulty.  The  complicated  and,  in  many  instances, 
contradictory  results  secured  in  this  line  of  investigation  lead  the 
authors  to  conclude  that  not  only  climatological*  conditions  but  also 
hereditary  tendencies  form  an  important  factor  in  causing  the  ap- 
pearance of  yellow  berry  in  the  grain. 

Among  the  many  cultures  examined  planted  side  by  side  on  the 
same  day  and  ripening  on  the  same  date  the  percentages  of  yellow 
berry  varied  widely.  Strains  and  varieties  grown  in  1906  were 
grouped  into  those  wheats  producing  from  1  to  25  per  cent,  from  25 
to  50  per  cent,  from  51  to  75  per  cent,  and  from  76  to  100  per  cent  of 
yellow  berry.  The  crop  of  1907  from  these  groups  showed  in  general 
that  the  averages  for  each  had  the  same  relative  position  that  they 
occupied  in  1906.  The  minimum  range  in  the  varieties  lay  in  those 
groups  of  1907  that  came  from  the  minimum  groups  of  1906.  The 
varieties  low  in  yellow  berry  had  progeny  in  1907  which  averaged 
12.25  per  cent  higher  than  the  average  of  the  corresponding  parental 
groups  for  1906,  yet  on  the  other  hand  the  varieties  high  in  yellow 
berry  had  progeny  which  averaged  27.41  per  cent  lower  than  the 
average  of  the  corresponding  parental  groups  for  1906,    The  hard 
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grains  planted  in  1906  were  much  heavier  than  the  soft  ones  and  as 
a  rule  the  yields  from  the  heavy  hard  grains  were  the  greater. 

In  studying  the  degree  of  inheritance  of  yellow  berry  in  pure-bred 
or  pedigree  wheats  it  was  observed  that  in  the  first  progeny  group  in 
1907  a  little  over  one-third  produced  no  yellow  berry  at  all,  while  the 
average  of  all  was  3.9  per  cent.  In  the  selections  of  spikes  from 
common  commercial  varieties,  as  well  as  in  the  selections  of  hard 
and  soft  grains  in  these  varieties,  there  were  no  cases  whatever  where 
the  offspring  was  free  from  yellow  berry.  The  averages  for  the 
lowest  groups  in  the  case  of  common  commercial  varieties  and  in  the 
selected  hard  and  soft  grains  were  36.95  and  50.40  per  cent,  respec- 
tively. It  appears  in  general  from  the  results  that  with  the  percentage 
increase  of  yellow  berry  in  the  parents  a  mean  percentage  of  yellow 
berry  in  the  offspring  was  observed,  and  it  is  considered  as  very  evi- 
dent that  the  pedigree-culture  method  so  far  as  the  elimination  of  the 
yellow  berry  is  concerned  is  superior  to  the  other  methods  tried.  In 
the  common  commercial  variety  lots  of  parents  all  contained  yellow 
berry,  but  there  were  61  cases  in  which  the  percentage  ranged  from  1 
to  25.  The  progeny  of  these  in  1907  showed  a  mean  percentage  of 
yellow  berry  of  nearly  37,  while  among  the  pedigree  cultures  there 
were  38  or  36  per  cent  which  fell  in  the  1  to  25  per  cent  class  of  the 
parents,  but  which  in  1907  had  a  mean  percentage  of  only  7.9.  The 
minimum  or  zero  class  of  parents  gave  rise  also  to  the  minimum  class 
of  offspring  in  the  case  of  pedigree  wheats. 

The  results  as  a  whole  indicate  that  while  yellow-berry  production 
may  be  influenced  to  the  extent  that  it  is  possible  to  control  the  length 
of  the  fall  vegetative  period,  and  through  this  the  mean  tem{>erature, 
the  solution  of  th^  problem  seems  to  lie  after  all  in  the  hands  of  the 
plant  breeder,  as  the  tendency  to  produce  yellow  berry  is  found  to  be 
more  marked  in  some  strains  than  in  others  and  is  heritable.  It  is 
believed  that  from  a  group  of  pure-strain  pedigree  wheats  producing 
no  yellow  berry  for  two  successive  years  a  race  may  be  derived  from 
which  the  tendency  to  deterioration  may  be  entirely  eliminated. 

WEED  SEEDS  IN  FEEDINO  STUITS.0 

In  a  recent  bulletin  of  the  Connecticut  State  Station,  E.  H.  Jenkins 
emphasizes  tile  danger  of  the  introduction  of  weeds  by  the  use  of 
feeds  made  up  in  part  or  in  whole  of  grain  screenings  and  similar 
materials,  which  as  a  rule  contain  a  large  amount  of  weed  seeds.^ 
"  These  screenings  vary  a  good  deal  in  quality.  Thus  an  analysis 
recently  made  of  wheat  screenings  showed  about  33  per  cent  of  flax 
and  shrunken  cereal,  15  per  cent  of  foxtails,  8  per  cent  of  bindweeds 


36d 


o  Compiled  from  Onnecticut  State  Sta.  Bnl.  161. 
^  See  also  U.  S.  Dept  Agr.,  Farmers'  Bui.  334,  p.  18. 
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and  pigweeds,  15  per  cent  of  weed  seeds  of  other  species,  and  21  per 
cent  of  dust,  broken  seed,  and  sand.     Even  such  a  mixture  is  much 
better  than  many  others  which  often  contain  very  little,  if  any,  wheat 
or  flax."    Examinations  of  a  large  number  of  feeds  in  which  such 
materials  were  used  showed  that  "  every  pound  of  each  of  these  mix- 
tures brings  to  the  farm  from  5,000  to  86,000  seeds,  of  which,  in  some 
cases,  100,  in  others  more  than  22,000,  are  alive."    Among  the  weeds 
of  which  seeds  were  found  in  the  feeds  were  false  foxtails  or  bottle 
graces,  pigweeds  or  lamb's  quarters,  knotweed  or  bindweed,  black 
mustard,  charlock,  ragweed,  Panicums,  sorrel,  dock,  common  and 
Canada  thistle,  and  catchfly. 

While  it  may  be  granted  that  the  ground  seed  of  certain  weeds  may 
lave  some  food  value,  "  it  is  very  doubtful  if  small  whole  seeds  are 
broken  up  and  digested  by  the  animal,"  It  is  true,  as  pointed  out  in 
previous  article,^*  that  fermenting  manure  kills  many  weed  seeds  if 
ley  are  kept  in  it  long  enough,  but,  as  Doctor  Jenkins  states, 
common  experience  fully  justifies  the  belief  that  the  farm  may  be 
ocked  with  weeds  which  come  along  with  the  manure."  Many  of 
e  weed  seeds  in  the  feeds  pass  into  the  manure  and  thence  into  the 
Ids  with  their  vitality  unimpaired.  It  would  appear  that  absolute 
;urity  in  this  respect  can  only  be  attained  in  all  cases  by  destroying 
3  vitality  of  the  weed  seeds  before  they  are  mixed  with  the  feed, 
me  manufacturers  claim  to  do  this,  but  in  none  of  the  feeds 
imined  by  the  Connecticut  Station  had  the  seeds  been  thoroughly 
led. 

HOOE-WOBM  DISEASE  OF  CATT£E.» 

'his  disease,  also  referred  to  as  bovine  uncinariasis  and  salt  sick- 
I,  has  been  reported  from  Texas,  Florida,  and  South  Carolina, 
is  probably  widely  distributed  throughout  the  Southern  States. 
\  Dawson,  of  the  Florida  Station,  reports  it  as  the  most  conmion 
ise  of  cattle.  Investigations  by  A.  F.  Conradi  and  E.  Barnett, 
le  South  Carolina  Station,  have  shown  cattle  to  be  seriously  in- 
d  with  the  hook  worm,  which  is  frequently  associated  with  other 
tinal  parasites,  including  the  twisted  wireworm  or  stomach 
1,  the  inflated  bowel  worm,  and  the  hair  worm.  The  disease  as 
ibed  by  Doctor  Dawson  is  "  an  acute  or  chronic  parasitic  dis- 
nanifested  at  first  by  low  fever,  diarrhea,  loss  of  appetite,  soon 
lin^  chronic,  with  continuance  of  low  fever,  constipation,  loss 
petite,  prc^ressive  emaciation,  and  pronounced  anemia,  which, 
ny  cases,  terminates  fatally." 

3.  I>ept.  A^.,  Farmers*  Bal.  334,  p.  18. 

iplled  from  Florida  Sta.  Bal.  86;  South  Carolina  Sta.  Bui.  137;  U.  S. 

.gr»y   Bor.  Anim.  Indus.  Rpt.  1901,  p.  183. 
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Young  animals  are  more  susceptible  than  older  ones,  but  all  ages 
may  be  affected.  The  nematode  or  round  worm  {Monodontus 
phlehotomvs)  ^  formerly  described  as  Uncinaria  radiata^  is  the  excit- 
ing cause  of  the  disease.  These  worms,  found  principally  in  the 
duodenum  or  first  division  of  the  small  intestine,  are  provided  with 
an  armature  of  sharp  teeth,  by  means  of  which  they  pierce  the  lin- 
ing of  the  intestines  and  suck  blood,  moving  from  place  to  place. 
Other  species  of  hook  worm  which  affect  sheep,  dogs,  cats,  foxes, 
man,  and  other  animals  should  not  be  confounded  with  the  species 
that  affects  cattle. 

The  adult  worm  is  from  one-half  to  five-ei^ths  inch  in  length  and 
of  the  thickness  of  an  ordinary  pin.  The  eggs  are  deposited  in  the 
intestinal  tract  and  are  discharged  in  the  feces,  through  an  examina' 
tion  of  which  the  extent  of  infestation  can  be  determined.  Conradi 
and  Bamett  have  observed  a  gorged  female  whose  oviduct  contained 
more  than  1,500  eggs,  17  of  which  were  deposited  in  one  hour.  At  a 
temperature  ranging  from  48°  to  60**  F.  forty-one  days  are  required 
for  the  eggs  to  hatch.  The  life  history  and  habits  of  the  worm  have 
be^i  studied  by  Conradi  and  Bamett 

Upon  hatching,  the  young  hook  worms  are  very  minute,  but  can  eaaUy  be  seen 
with  the  aid  of  a  hand  lens  when  crawling  on  the  glass  walls  ot  the  breeding 
Jar&  They  have  a  tendency  to  congregate,  and  these  clusters  can  be  easily 
recognized  with  the  unaided  eye.  In  this  stage,  as  well  as  in  the  egg  stage, 
they  are  very  susceptible  to  heat  or  cold,  being  easily  killed.  Drought  Is  also 
fatal,  the  worms  dying  in  a  few  minutes.  They  feed  on  the  fecal  matter  about 
them.  In  the  second  stage  they  are  but  slightly  hardier.  After  several  days 
the  body  wall  becomes  thicker  and  more  rigid,  and  soon  they  pass  to  the  final 
larval  stage. 

The  larvffi  that  were  hatched  from  eggs,  gathered  from  fresh  f^ces  on  Febru- 
ary 2S,  and  hatched  February  2S,  had  mostly  passed  to  the  final  larval  stage 
on  March  15.  In  this  stage  they  are  protected  by  a  resistant  covering  called 
"  sheath."  Worms  kept  in  the  laboratory  during  January  and  February,  the  tem- 
perature varying  from  48  to  00^  F^  passed  to  the  final  larval  stage  in  forty- 
one  daya  While  active  they  were  able  to  continue  feeding  throui^  the  aper- 
ture in  the  front  end  of  the  sheath.  They  move  up  and  down  on  any  near-by 
moist  object,  whether  It  is  earth,  grass,  leaves,  or  weeds.  They  finally  become 
quiescent  in  some  elevated  position,  discontinue  feeding,  and  are  th«i  greatly 
resistant  to  heat,  cold,  and  drought.  This  habit  of  rising  appears  to  be  advan- 
tageous, as,  we  believe,  the  principal  method  of  host  infestation  is  throui^  the 
mouth. 

That  part  of  the  life  history  from  egg  to  larval  stage  is  very  probably  com- 
pleted in  a  few  days  during  the  warm  weather  of  summer. 

The  eggs  and  young  worms  require  moisture.  It  seems  quite  prob- 
able that  little  development  takes  place  in  feces  dropped  on  a  hill 
during  the  drought  of  summer.  There  is  said  to  be  little  danger 
from  infestation  in  running  water. 
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At  present  the  outlook  for  a  cure  for  this  disease  is  not  very  encouraging. 
Thymol  lias  given  good  results  in  the  treatment  of  the  disease  in  man,  and  has 
been  recommended  by  some  authorities  for  the  disease  in  cattle  and  sheep,  but 
we  believe  it  is  far  from  being  a  specific.  Certainly,  in  the  case  above  referred 
to,  with  a  dose  of  150  grains,  it  could  not  be  noticed  that  the  worms  had  been 
in  the  least  affected  three  days  later.  However,  further  experiments  with 
this  drug  will  be  made  as  opportunity  presents  itself.  Even  if  drugs  such  as 
thymol  were  effective  in  expelling  the  worms,  the  animal,  if  still  pasturing  on 
infested  land,  would  continue  to  reinfest  itself,  so  that  the  problem  resolves 
itself  into  a  question  of  prevention  rather  than  treatment,  the  outlook  for  which 
is  more  encouraging. 

When  it  is  remembered  that  the  disease  occurs  chiefly,  or  altogether,  on  low, 
wet  lands,  and  that  in  dry  seasons  it  is  less  severe,  it  would  appear  that  much 
could  be  done  by  avoiding  such  places  as  pastures  for  at  least  one  year.  The 
land  should  be  thoroughly  drained,  and  it  would  be  well  to  liberally  apply  air- 
slaked  lime  to  accelerate  drying.  If  in  hook-worm  infested  lots  the  droppings 
are  gathered  every  day,  it  will  decrease  the  infestation. 

Plowing,  undoubtedly,  also  reduces  the  dangers  of  infestation,  as  heavily 
infested  material  buried  3  inches  in'  loose,  pulverulent,  moist  soil  in  the  labora- 
tory showed  that  a  little  over  one-third  as  many  larvae  ascended  on  the  glass 
wall  of  the  breeding  Jar  as  in  the  jar  used  as  a  check  where  an  equal  amount 
of  material  from  the  same  droppings  was  left  on  the  surface  of  the  moist  soil. 

It  is  recommended  that  on  hook-worm  infested  farms  annual  crop  rotation  be 
practiced  as  far  as  possible.  The  manure  should  be  removed  from  stables  oc- 
cupied by  Infested  animals  daily  and  air-slaked  lime  used  liberally  to  dry  up 
the  floors.  The  greatest  precaution  should  be  exercised  to  prevent  the  spread 
of  this  parasite  into  localities  where  it  does  not  yet  occur,  either  by  shipments 
of  infested  cattle  or  otherwise. 

Where  it  is  desirable  to  eradicate  this  pest  from  a  lot  previous  to  putting  in 
animals  that  are  not  infested,  it  may  be  accomplished  by  burning.  For  this 
purpose  one  should  have  a  good  substantial  e^ray  pump  fltted  with  hose,  ex- 
taision  rod,  and  a  flue  nozzle.  Either  kerosene  or  gas  oil  may  be  used.  After 
the  pump  is  filled  and  set  in  operation  the  spray  is  ignited  near  the  nozzle. 
The  present  price  of  kerosene,  however,  would  make  this  operation  too  ex- 
pensive over  large  areas. 


EFFBGT  OF  MACHINE  HUEINO  ON  INDIVIBTrAL  COWS.« 

Owing  to  the  rapid  growth  of  the  dairy  industry  in  recent  years 
and  the  increasing  difficulty  of  securing  competent  help,  much  inter- 
est has  been  aroused  in  the  possibility  of  securing  greater  economy  in 
time  and  labor  by  the  use  of  mechanical  milkers.  Several  of  the  ex- 
periment stations,  as  well  as  the  Dairy  Division  of  this  Department, 
have  made  experiments  and  published  reports  dealing  with  various 
phases  of  this  subject.* 

At  the  Nebraska  Station,  A.  L.  Haecker  and  E.  M.  Little  have  been 
carrying  on  experiments  for  several  years  with  a  view  to  ascertaining 

'Compiled  from  Nebraska  Sta.  Bui.  108. 

*  Connecticut  Storrs  Sta.  Bui.  47;  Kansas  Sta.  Bui.  140;  Pennsylvania  Sta. 
Bui.  85;  Wisconsin  Sta.  Bui.  173;  Ontario  Dept.  Agr.  Bui.  159;  U.  S.  Dept.  Agr., 
Bur.  Anlm.  Indus.  Bui.  92. 
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definitely  some  of  the  practical  limitations  of  the  milking  machine 
and  the  conditions  under  which  it  may  be  most  successfully  used. 
These  experiments  have  dealt  more  particularly  with  the  effect  of  the 
use  of  the  milking  machine  upon  the  production  of  cows  throughout 
the  lactation  period  and  the  behavior  of  individual  aniTrnilfi  with 
reference  to  machine  milking. 

In  the  experiments  53  different  cows  have  be^i  mUked  by  machinery.  Oi 
these  cows  some  have  been  milked  continually  with  the  mechanical  milkers 
from  the  time  they  were  first  tried,  while  others  have  been  subjected  to  this 
method  for  only  a  short  time.  As  a  result,  twenty  practically  complete  lacta- 
tion records  have  been  obtained,  together  with  numerous  records  coTerins 
shorter  periods  of  time.    ♦    ♦    ♦ 

In  1908  an  experiment  with  10  heifers  was  begun  which  will  cover  a  series  of 
years.  These  animals  have  never  been  milked  by  hand,  so  their  performance, 
as  far  as  milking  is  concerned,  will  be  entirely  controlled  by  the  milkers.  8o 
far,  two  lactation  records  by  heifers  have  been  obtained  by  machine  milkliig 
which  compare  favorably  with  other  2-year-old  records  made  in  tlie  University 
dairy.  Heifers  in  their  first  lactation  seem  to  give  down  their  milk  quite  freely 
when  milked  by  machine  and  are  less  inclined  to  hold  up  milk  than  are  cows 
which  have  heeaa.  accustomed  to  hand  milking  for  several  years  before  maddne 
milking  Is  begun. 

In  general  it  was  found  that  the  effect  of  the  machine  varied  with 
the  individual  cows,  and  that  some  cows  are  not  adapted  to  madiine 
milking.  Heifers  in  their  first  lactation  apparently  gave  better  re- 
sults by  machine  milking  than  did  aged  cows  that  had  been  accus- 
tomed to  hand  milking  for  one  or  more  years. 

With  animals  adapted  to  the  purpose,  the  use  of  the  miHring  ma- 
chine appears,  according  to  the  Nebraska  Station  experim^its,  to  be 
of  very  decided  advantage,  but  if  there  are  several  animals  in  the  hard 
which  can  not  be  milked  in  this  way  to  advantage  the  herd  totals 
may  be  so  lowered,  and  the  resultant  losses  become  so  great,  that  they 
would  not  be  compensated  for  by  the  saving  of  time  and  labor  in  ibe 
use  of  the  machine. 

The  successful  application  of  machine  milking  can  not  therefore  be 
assured  "  until  all  the  members  of  the  herd  are  known  to  be  adapted 
to  this  method  of  milking." 

miK  SXTPPIT  OP  CITIES.* 

The  widespread  and  constantly  growing  interest  in  the  subject  ot 
a  supply  of  pure  milk  has  led  to  an  investigation  of  the  subject  at 
several  of  the  stations. 

There  are  three  classes  of  persons  responsible  for  the  condition  of 
milk  as  it  finally  reaches  the  human  stomach,  namely,  the  producers, 
the  dealers,  and  the  consumers.  The  importance  of  the  first  two 
classes  in  keeping  a  milk  supply  pure  and  wholesome  has  been  recog- 

«  Compiled  from  Illinois  Sta.  Bill.  120;  Kentucky  Sta.  Bui.  134. 
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nized  by  all  investigators,  but  that  the  consiuners  have  a  duty  to  per- 
form seems  to  have  escaped  the  notice  of  many  observers.  This  phase 
of  the  subject  has  been  discussed  by  J.  M.  Trueman,  of  the  Illinois 
Station,  as  follows: 

Not  only  the  producer  and  dealer  bat  the  consnmer  has  something  to  do 
in  secnrlng  a  supply  of  clean,  sanitary  milk.  He  should  appreciate  the  supe- 
riority of  good  milk,  should  know  what  such  milk  is  and  which  dealers  are 
selling  it  in  his  city.  Bvery  dairyman  who  tries  to  meet  the  modem  require- 
ments of  good  milk  should  be  given  trade  in  preference  to  the  man  who  is 
wedded  to  unsanitary  customs.  Many  a  consumer  will  use  the  product  of 
poor  cows  handled  In  unsanitary  buildings,  rather  than  pay  a  cent  or  two  more 
per  quart  for  clean,  safe  milk.    This  is  a  direct  bid  for  poor  milk. 

If  the  consumer  would  visit  the  dairies  of  his  city  and  find  out  for  himself 
bow  the  milk  is  handled  it  would  result  in  good  to  all  concerned.  A  number 
of  milkmoi  have  admitted  that  they  wquld  be  ashamed  to  let  their  customers 
see  how  the  milk  is  produced.  An  intelligent  demand  for  clean  milk  would  go 
far  to  improve  the  situation.  It  would  at  least  set  the  dairyman  to  thinking 
if  a  few  questions  like  the  following  were  asked  him : 

"  Are  an  your  cows  healthy? **  "Do  you  keep  them  clean? *'  " Is  your  bam 
light  and  weU  ventilated?"  "Are  your  bottles  sterilised  each  time  before 
fllUng?" 

If,  in  making  a  round  of  the  dairies,  the  consumer  should  find  an  up-to-date, 
fMinitary  place  and  see  the  extra  care  taken  to  produce  good  milk,  it  is  very 
likely  be  would  be  wWing  to  pay  a  little  more  money  for  such  milk. 

The  consumer  is  often  to  be  blamed  for  the  milk  souring  quickly.  First- 
class  mUk,  left  at  his  home  in  a  clean  bottle  and  at  a  low  temperature,  may  be 
sour  or  off  flavor  twelve  hours  later  because  it  was  left  standing  in  a  warm 
kitchen  for  a  few  minutes^  or  was  poured  out  into  a  pan  that  had  been  washed 
in  the  dish-pan  and  wiped  on  a  towel  that  had  done  service  for  aU  kinds  of 
dishes  for  several  days.  Milk  should  not  be  left  standing  in  the  sun  a  minute 
after  the  milkman  leaves  it  The  consume  should  have  a  place  for  the  milk 
inside  the  house  or  in  the  shade,  and  tediould  see  that  the  deliveryman  puts  it 
tberew  It  should  be  taken  immediately  to  the  coolest  place  In  the  house  and  left 
In  the  bottle  without  removing  the  cap  until  wanted  for  use,  or  he  can  not 
blame  the  milkman  if  the  milk  spoUs.  The  consumer  does  not  deserve  good 
milk  unless  he  discriminates  in  favor  of  such  milk  and  takes  the  proper  care 
to  ke^  it  good  after  it  reaches  him. 

At  present  prices  the  cost  of  milk  produced  In  Illinois  in  such  a  mann^  as 
has  been  recommended  here  should  not  much  exceed  8  cents  a  quart  delivered, 
and  at  this  price  it  is  cheaper  food  than  meat.  It  can  not  be  produced  and 
delivered  for  5  cents ;  6  cents  leaves  too  small  a  margin  of  profit  for  the  honest 
dealer;  7  cents  will  do  in  many  localities.  However,  these  prices  do  not  apply 
to  special  or  fancy  milk.  When  the  people  insist  on  having  good  milk  and  are 
willing  to  pay  a  fair  price  for  it,  the  milkmen  will  faU  into  line  quickly  and. 
supply  the  demand. 

In  one  case  a  dairyman  advertised  the  exact  way  In  which  he  produced  clean 
milk,  and  offered  it  at  2  cents  per  quart  above  the  regular  price.  Soon  he  found 
more  customers  than  he  could  supply. 

Taking  up  the  question  of  the  methods  of  the  dealers  in  handling 
milk  and  its  products,  Professor  Trueman  found  in  Chicago  in  1906** 
much  to  criticise  and  less  to  commend. 

oJt  is  reported  that  conditions  have  since  been  improved. 
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It  was  an  exception  to  find  a  milk  depot  that  was  clean  and  sanitary.  A 
great  many  of  these  markets  are  located  in  dark,  dirty,  and  Hl-ventilated  base- 
ments where  the  sunlight  never  enters.  They  are  never  scrubbed  out,  and 
many  of  them  could  not  be  scrubbed  clean  because  the  floors  are  of  rotten 
wood  or  only  of  earth,  and  so  they  are  kept  foul  with  sour  and  decaying  milk. 
These  depots  would  be  bad  enough  If  they  received  only  bottled  milk  and  sold 
it  without  opening  the  bottle,  but  commonly  the  milk  is  stored  in  large  cans, 
dipped  into  open  vessels  when  sold,  and  often  carried  through  dusty  streets 
for  several  blocks.  Such  conditions  are  deplorable.  Occasionally,  but  rarely, 
one  of  these  small  depots  is  found  scrupulously  clean. 

In  the  better  portions  of  the  city  much  of  the  milk  is  delivered  from  wagoos, 
and  a  large  part  of  it  by  big  dealers.  This  milk  is  uniformly  up  to  grade  in 
butter  fat,  but  the  amount  of  sediment  in  the  bottom  of  the  bottle  is  occaaloo- 
ally  quite  large.  If  all  parts  of  the  city  were  furnished  with  as  good  milk  as 
the  wealthy  people  receive,  very  little  cause  for  criticism  would  exist.  It  Is 
not  primarily  a  question  of  price,  as  the  greater  part  of  the  best  milk  sold 
in  the  city  retails  at  from  7  to  8  cents,*  while  the  poor  milk  sold  to  the  working 
people  from  open  cans  brings  6  centa  It  is  cause  for  congratulation  that  an 
increasing  proportion  of  the  working  people  are  being  supplied  with  clean  milk 
in  sterilized  bottles.  The  small  depot,  although  it  keeps  the  milk  cold  for  the 
poor  people  who  have  no  ice  box  or  cellar  and  enables  them  to  buy  in  small 
quantities,  is  a  doubtful  blessing.  The  best  of  the  big  dealers  furnish  a  moch 
better  quality  of  milk  at  a  moderate  price,  and  it  may  be  kept  sweet  in  a  cwd 
cellar  for  the  day's  consumption. 

Of  samples  of  milk  collected  in  a  residence  district  of  rich  people 
and  well-to-do  artisans  only  9  per  cent  of  the  milk  was  found  below 
grade,  while  in  the  poorer  district  50  per  cent  of  the  milk  was  below 
grade. 

The  richer  district  was  for  the  most  part  served  by  the  wagons  of  tbe  best 
large  dealers,  who  always  handle  a  good  grade  of  milk.  The  tsict  that  9  per 
cent  was  found  below  grade  shows  that  there  is  still  room  for  improTement 
The  amount  of  sediment  found  here  was  much  less  than  in  the  poorer  districts, 
but  it  was  by  no  means  entirely  absent.  The  noticeable  thing  revealed 
*  *  *  is  that  the  poor  people  who  needed  the  best  of  nourishment  paid 
almost  as  much  for  poor  milk  as  the  rich  people  paid  for  good  milk.    •     •     • 

The  milk  as  it  comes  from  the  country  is  almost  universally  up  to  grade. 
It  will  average  S.5  to  4  per  cent  of  butter  tst.  The  small  dealer  buys  one  or 
more  cans  at  the  platform  whei  the  train  is  unloaded,  takes  the  milk  to  his 
depot,  and  sets  it  in  a  tank  of  ice  water.  The  cream  rises  in  the  can,  and  before 
beginning  to  sell  the  milk  the  dealer  removes  one  or  two  quarts  of  cream, 
which  is  sold  in  small  quantities  at  a  good  price  and  furnishes  the  largo:  part  of 
the  profit.  The  milk  remaining  in  the  can  is  stirred  up  and  sold  as  wliole  milk 
at  6  cents  per  quart.  Frequently  water  is  added  to  take  the  place  of  the  cream 
removed. 

The  temptation  to  make  profits  in  this  way  overcomes  any  system  of  inspec- 
tion that  the  city  has  yet  established  in  these  districts.  By  this  means  the 
poor  are  defrauded  by  people  of  their  own  class,  and  half-nourished  childrea 
are  fed  on  skimmed  and  watered  milk  for  which  full  price  has  been  paid. 

That  conditions  in  Louisville  are  no  better  is  well  shown  by  R.  M. 
Allen  in  a  recent  bulletin  of  the  Kentucky  Station,  He  says  that 
^^  only  a  small  percentage  of  the  milk  comes  into  the  city  bottled." 
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He  also  touches  on  the  question  of  the  unequal  distribution  of  the 
returns  from  the  sale  of  milk.  The  producers  have  a  great  deal  more 
invested  in  proportion  to  product,  and  yet  they  receive  on  an  average 
probably  from  one- fourth  to  one-third  of  the  price  paid  by  the  con- 
sumer.   The  balance  goes  for  transportation  and  distribution. 

The  following  [is  a  report  of]  an  inspection  of  the  principal  milk  d^wts, 
and  in  addition  some  clean  and  unclean  places  selected  from  the  grocery  and 
fmit  stores  where  the  milk  is  kept  "to  acconmaodate  the  customer.**  It  has 
been  the  experience  not  only  in  this  milk  inspection,  but  in  all  pure-food  work 
that  many  of  the  grocery  stores  are  very  unsanitary  places.  This  inspection 
shows  in  the  majority  of  Instances  unclean  refrigerators,  or  mUk  kept  in 
refrigerators  with  yegetables  and  other  products,  and  often  the  situation  of  the 
refrigerator  near  oil  tanks  and  so  on,  in  the  midst  of  general  dirt  and  rubbish. 
There  were,  however,  a  number  of  dean  stores.  The  retail  grocery  store  by 
reason  of  its  ice  boxes  and  other  conyeniences  is  a  necessary  adjunct  to  the 
community,  else  many  of  them  would  not  be  tolerated  in  their  present  filthy 
state.  It  should  not  take  much  argument  to  convince  anyone  that  the  retail 
grocery  store  would  become  more  necessary  and  profitable  if  cleaned  up  and 
kept  cleaned,  and  provided  with  all  of  the  eyntema  and  means  necessary  for 
keeping  and  protecting  perishable  food. 

The  general  milk  depots  may  be  grouped  into  five  classes:  (1)  The  depots 
owned  and  operated  by  the  dairymen  themselves;  (2)  the  depots  which  are 
supplied  by  dairymen  under  contract  to  maintain  sanitary  l>ams,  to  use  cov- 
ered pails,  and  to  cool  the  milk  before  shipping;  (S)  depots  in  which  the  milk 
is  pasteurized  and  which  are  supplied  from  sources  with  a  less  regard  for  sani- 
tary conditions;  (4)  depots  supplied  with  an  inferior  milk  from  any  source 
possible,  and  with  which  the  patrons  have  no  steady  contract;  (5)  the  ice- 
cream plants  which  sell  milk.  The  milk  is  shipped  or  delivered  to  these  depots 
in  cans  holding  from  2  to  10  gallons.  Some  of  the  dealers  empty  these  cans 
at  once,  wash  and  steam  them,  and  return  promptly  to  the  dairymen.  Others 
return  the  cans  unwashed,  and  still  others  use  the  dairymen's  property  for 
further  handling  of  the  milk  among  their  trade,  and  the  can,  after  a  week's 
use  or  delay,  is  flnaUy  returned  to  the  owner  foul  and  filthy.  The  dairymen 
as  a  rule  have  not  the  facilities  for  steaming  and  sterilizing  cans  which  a 
milk  depot  by  reason  of  its  volume  of  business  should  maintain.  Attempt  is 
made  by  the  dairymen,  however,  to  wash  the  foul  cans  on  the  farms,  but  such 
a  can  is  not  fit  for  use  again  unless  it  has  been  aired  for  several  days,  and  it 
is  frequoitly  necessary  to  use  it  at  once  because  the  dairymen's  full  supply 
of  cans  have  either  not  been  returned  promptly  or  have  been  misplaced  in 
shipping.  The  only  way  to  remedy  this  problem  is  to  require  the  milk  dealer 
under  the  penalty  of  an  ordinance  or  a  law  to  return  the  cans  promptly,  and  to 
return  them  clean  and  sterilized. 

The  system  of  distributing  milk  out  of  wagon  cans  from  house  to  house  can 
not  be  too  strongly  condemned.  It  matters  not  how  cleanly  the  milk  may  be 
produced  or  with  how  much  care  it  is  delivered  to  the  city,  if  finally  distrib- 
uted to  the  consumer  in  this  way.  The  can  top  is  opened  to  dip  out  the  con- 
sumer's amount.  This  is  put  into  the  open  top  or  bucket,  which  is  again 
emptied  into  the  consumer's  pitcher  or  crock.  All  [this  is]  done  in  the  open 
dusty  street.  Among  all  sources  of  contamination  there  is  none  from  which 
comes-  more  opportunity  for  dirt  and  disease  than  the  distribution  of  milk  in 
open  cans  from  the  street.  And  among  the  regulations  most  needed  is  one  to 
compel  all  milk  to  be  delivered  to  the  consumer  in  the  original  package.  Tills 
see 
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would  mean  the  bottling  of  all  milk  for  retail  trade  on  the  fftrm,  or  dellTered 
in  cans  to  consumers  purchasing  a  gallon  or  more,  and  in  cans  to  ice-cream 
factories,  bakeries,  and  other  places  where  milk  is  used  in  wholesale  quantitieflL 
It  will  be  seen  from  this  that  much  improvement  is  to  be  made  In  the  milk 
depots  as  well  as  in  the  dairies  if  the  city  is  to  have  pure  milk.  There  is  too 
much  handling  of  the  milk  in  the  city  depots,  and  the  mixing  of  milk  from  good 
and  bad  herds  together  is  another  objectionable  feature.  The  cost  of  dlstrfbu- 
tion  is  also  excessive,  in  f^ct,  is  from  two  to  three  times  the  price  paid  the 
dairyman  for  milk,  while  the  investment  in  farm,  equipment,  herd,  feed,  labor, 
and  shipping  in  100  dairies  is  many  times  the  investment  necessitated  in  the 
one  city  depot  which  distributes  the  milk.  The  city  plants  should  really  be 
nothing  more  than  a  distributing  point  for  the  handling  of  milk  in  the  orlgiiial 
bottles  or  cans  as  it  comes  from  the  farm.  And  if  such  were  the  caae,  and  if 
cooperative  distributing  plants  were  organized,  there  would  be  more  profit  to 
assist  the  dairymen  in  maintaining  cleaner  and  better  bams  and  milk  hoineB. 
and  this  profit  would  come  without  much  advance  to  consumers  in  the  price  of 
milk,  besides  the  protection  from  city  contamination.  In  addition  to  this, 
depots  established  under  city  or  some  charitable  aid  are  necessary  to  distrlbote 
pure  milk  to  the  poorer  classes  of  customers,  and  thus  by  ellminatliig  a  lar^e 
part  of  the  cost  of  distribution  make  it  possible  for  such  customers  to  have  pore 
milk  at  a  price  within  their  reach.  Rochester's  system  of  depots  maintained  in 
this  way  has  proven  not  only  In  every  way  practicable  but  has  had  a  direct 
effect  in  decreasing  the  rate  of  infant  mortality. 

It  would  seem  that  in  smaller  places  conditions  should  be  better, 
inasmuch  as  producer  and  consumer  are  in  closer  touch  with  each 
other,  but  the  contrary  seems  to  be  the  case.  Perhaps  one  reason  is 
that  the  milk  reaches  the  consumer  in  so  much  shorter  time,  and  there- 
fore the  effect  of  careless  and  unsanitary  methods  has  not  had  as 
great  opportunity  to  develop.   On  this  point  Professor  Trueman  says: 

The  milk  conditions  in  the  26  smaller  cities  visited  were  found  less  flatisfae* 
tory  than  in  Chicago.  Much  more  formaldehyde  was  discovered  and  a  larger 
proportion  of  samples  contained  sedim^it  A  great  deal  of  criticism  is  always 
heard  of  the  food  supplies  of  large  cities.  But  the  chances  of  getting  good  milk, 
by  anyone  who  knows  the  requirements  of  such  milk,  are  better  in  €3ilcago 
than  in  any  of  the  26  cities  of  10,000  to  60,000  population  in  lUlnois.  Here 
again  is  shown  the  good  that  may  be  accomplished  by  inspection.  The  majority 
of  the  smaller  cities  have  little  or  no  inspection,  and  the  dairymen  and  dealers 
have  failed  to  bring  the  milk  up  to  a  high  standard.  The  percentage  of  butter 
fat  averages  higher  than  it  does  in  some  districts  of  Chicago,  but  the  amount 
of  sediment  is  very  large. 

From  all  the  foregoing  facts  it  appears  very  evident  that  all  the 
blame  for  poor  milk  is  not  properly  charged  to  the  farmer.  While 
it  is  true  that  good  milk  can  not  be  produced  except  by  strictly  sani- 
tary dairy  methods,  it  is  equally  true  that  milk  which  leaves  the 
dairy  in  the  best  possible  condition  may  become  contaminated  and 
unfit  for  food  before  it  is  used.  This  does  not,  however,  relieve  the 
farmer  of  any  responsibility  for  his  part  in  the  production  of  pure 
milk,  but  rather  makes  it  incumbent  upon  him  fcH*  the  sake  of  his 
own  reputation  to  see  to  it  that  he  disposes  of  his  product  to  dealers 
who  will  use  equal  care  to  keep  it  pure. 
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While  it  costs  more  to  produce  clean  milk  the  returns  will  in  the 
l(mg  run  more  than  repay  the  added  expense,  and,  besides,  it  is  not 
so  much  a  question  of  an  expensive  outfit  as  it  is  one  of  being  careful 
and  cleanly.  The  requirements  for  clean,  healthful  milk  are  stated 
by  Professor  Trueman  as  follows: 

AH  cows  that  are  weak,  extremely  thin,  and  coughing  must  be  remoyed  from 
the  herd.  Milk  from  mihealthy  cows  is  not  safe  to  use^  and  only  cows  in  good 
health  can  make  profitable  use  of  the  food  given  them.  The  herd  should  be 
inspected  at  regular  intervals  by  a  competent  veterinarian. 

It  is  necessary  to  have  healthful  buUdings  and  to  keep  them  clean,  bat  such 
buildings  need  not  be  expensive.  The  four  essentials  are  light,  ventilation,  a 
proper  floor,  and  a  comfortable  tie.  Window  glass  is  almost  as  cheap  as 
lumlier.  The  King  system  of  ventilation  can  be  installed  by  any  carpenter  or 
by  the  farmer  himself  at  the  cost  of  a  few  feet  of  lumbo*  and  a  few  days' 
work.  A  commit-  floor  is  but  little  more  expensive  than  a  good  wood  floor,  and 
is  many  times  more  durable.  Planks  laid  over  the  cement  where  the  cows  stand 
will  prevent  injury  to  the  animals.  A  comfortable  tie  is  only  a  little  more 
expensive  than  an  awkward  rigid  stanchion.  A  good  swing  stanchion  is  not 
uncomfortable  to  the  cow.  All  of  these  things  could  be  put  into  the  ordinary 
Illinois  bam  with  but  little  trouble,  and  would  pay  for  themselves  in  less  than 
a  year  in  the  increased  efflci^icy  of  the  herd. 

Much  of  the  dirt  in  milk  comes  from  the  barnyard.  The  cows  wade  knee 
deep  in  mud  and  manure  and  carry  this  filth  into  the  bam  on  their  legs,  tails, 
and  udders.  It  is  difficult  to  clean  olf,  and  the  careless  milker  makes  little 
attempt  to  prevent  the  constant  shower  of  dirt  falling  into  the  palL  The  yard 
should  be  well  drained  and  graded  up  with  cinders  or  gravel.  If  drainage 
can  not  be  obtained  in  any  otlier  way,  the  rule  should  be^  raise  the'  bam  and 
grade  up  to  it. 

Before  milking,  the  cows  should  be  gone  over  with  a  brush  and  all  loose 
particles  of  dirt  removed.  This  need  not  take  more  than  tliirty  seconds  per 
cow.  The  cow's  uddar  comes  in  contact  with  the  floor  and  can  not  be  cleaned 
by  simply  brushing.  It  is  very  important  tliat  the  udder  should  be  washed 
with  a  damp  sponge  or  doth,  and  tliis  may  take  thirty  seconds  more.  The 
sponging  will  be  doubly  effective  if  the  long  hairs  around  the  teat  and  lower 
part  of  the  udder  are  cut  short  Each  man  who  is  to  milk  twelve  or  fifteen 
cows  will  need  to  spend  twelve  or  fifteen  minutes  in  cleaning  them.  This 
cleaning  is  very  simple  and  inexpensive,  and  yet  nine  out  of  ten  farmers  scout 
the  idea  as  preposterous.  E2very  farmer  will  spend  hours  cleaning  his  horses, 
because  he  is  asliamed  to  have  the  public  see  them  dirty.  It  would  be  much 
more  reasonable  to  sp^id  less  time  cleaning  his  horses  and  more  time  cleaning 
the  animals  that  produce  the  milk  his  childr^i  are  to  drink.  It  is  time  for  the 
consumer  to  demand  that  every  individual  dairyman  supplying  milk  for  city 
consumption  shall  use  at  least  common  decency  in  its  production. 

Clean  cows,  clean  clothes,  and  clean  dry  hands  for  the  milker  should  be  the 
unvarying  rule  of  every  dairy.  Special  milking  suits  should  be  worn  and 
frequently  washed. 

A  small-topped  pail  would  prevent  a  large  amount  of  dirt  from  falling  into 
the  mUk.  Pails,  cans,  strainers,  coolers,  and  every  other  utensil  that  comes  in 
contact  with  the  milk  should  be  washed  clean  and  sterilized.  Sterilizing  means 
heating  to  212°  F.  It  may  be  done  by  boiling  water  or  by  steam.  It  can  not 
0e  done  by  starting  with  boiling  water  in  one  can  and  pouring  it  from  can  to 
can  to  clean  half  a  dozen.  The  easiest  way  to  do  thorough  work  is  to  use  steam. 
366 


26  EXPEBIMENT  STATION   WOEK,  LH. 

The  ideal  method  for  preparing  the  milk  for  deUvery  is  that  it 
shall  be  cooled  to  45^  F.  immediately  after  milking  in  a  dean  daiiy 
room  separated  from  the  stable,  and  then  bottled  in  sterilized  bottles 
and  the  bottles  sealed  with  paraffined  paper  caps.  This  method,  how- 
ever, involves  quite  an  outfit,  and  would  usually  require  a  supply  of 
ice.  In  case  of  small  dairies  too  far  away  from  their  market  to  retail 
their  own  product  the  next  best  method  would  be  to  take  the  milk 
immediately  to  a  bottling  plant,  where  it  is  cooled  and  bottled  ts 
noted  above,  and  then  shipped  to  the  city  either  packed  in  ice  or  in 
refrigerator  cars. 

In  recent  years  milk  commissions  organized  by  county  medical 
societies  have  made  it  possible  to  secure  for  the  use  of  invalids  and 
for  the  artificial  feeding  of  infants  a  supply  of  milk  that  is  extremely 
pure  and  wholesome.  The  milk  produced  under  such  supervision  is 
called  certified  milk,  and  the  name  is  protected  by  registry  in  the 
United  States  Patent  Office.  However,  this  does  not  prevent  its  use 
by  duly  organized  commissions.  The  work  of  such  commissions  and 
the  production  of  certified  milk  have  been  discussed  in  omsiderable 
detail  in  a  recent  bulletin  of  the  Dairy  Division  of  this  Department* 

The  following  statement  is  made  of  the  composition,  bacterial  con- 
tent, and  value  of  certified  milk  as  compared  with  ordinary  market 
milk: 

As  far  as  the  chemical  composition  Is  concerned,  certified  milk  doea  not  differ 
materially  from  ordinary  market  milk.  The  milk  commissions  require  that 
the  fat  and  total  solids  shall  come  within  certain  limits,  and  for  this  reason 
there  Is  but  littie  variation  in  the  chemical  composition  of  certified  milk.  The 
standards  are  not  high,  for  the  reason  that  milk  containing  abont  4  per  cent  of 
fat  is  considered  to  be  the  best  for  immediate  consumpticm.  As  stated  else- 
where, many  of  the  herds  in  certlfied-milk  dairies  are  composed  of  grade  cows 
and  do  not  produce  milk  of  more  than  the  average  richness. 

When  we  compare  the  bacterial  cont^it  of  certified  and  market  milk  we  find 
a  very  striking  difference.  The  bacteria  in  the  average  milk  supply  of  our 
large  cities  exceed  500,000  to  the  cubic  centimeter,  while  the  bacteria  in  certified 
milk  seldom  exceed  30,000  to  the  cubic  centimeter  and  in  most  instances  aFerage 
less  than  10,000.  There  have  been  some  cases  where  commissions  have  reported, 
that  no  bacteria  were  shown  to  be  present  by  the  ordinary  methods  used  for 
their  detection.  Liquefying,  putrefactive,  and  pus-forming  bacteria  are  seldom 
present  In  large  numbers;  in  fact,  the  contracts  of  some  commissions  with  the 
producers  specify  that  the  milk  shall  not  contain  pathogenic  bacteria  or  more 
than  a  limited  number  of  pus  cells  to  the  cubic  centimeter.    *    *    * 

Certified  milk,  produced  under  tiie  direction  of  a  reliable  milk  commlarion, 
is  worth  more  than  ordinary  market  mUk  for  several  reasons:  (1)  It  Is  free 
from  disease-producing  bacteria,  and  all  other  germs  are  reduced  to  a  minimnm. 
(2)  It  is  free  from  high  acidity  and  pathogenic  germs  which  lead  to  stomach 
derangements  and  kindred  troubles.  (3)  The  customer  can  always  depend 
upon  his  milk  coming  from  the  same  farm,  the  same  herd  of  covrs,  subjected  to 
the  same  treatment,  and  having  the  same  quality.  The  fat  content  is  guar- 
anteed not  to  vary  outside  of  narrow  limits ;  hence  the  milk  Is  always  of  gooi 


•  U.  S.  Dept  Agr.,  Bur,  Anlm.  Indua  BuL  104. 
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quality.  (4)  Cneanliness  and  cold  are  the  only  preservatives  used.  (5)  It  is 
a  safe  food  for  infants  and  people  with  delicate  digestion.  (6)  It  is  the 
natural  product  of  the  cow,  and  has  not  been  subjected  to  any  treatment  which 
affects  its  digestibility  or  changes  its  character.  (7)  It  is  reasonably  free  from 
ftorelgn  odors  and  objectionable  flavors. 

The  extent  to  which  milk  and  its  products  are  used  as  food  and 
the  influence  which  the  purity  of  milk  has  on  the  health  of  the  con- 
sumers have  led  to  an  extensive  investigation  of  the  relation  of 
milk  to  the  public  health.  This  investigation  was  carried  on  by  the 
United  States  Public  Health  and  Marine-Hospital  Service  in  coop- 
eration with  the  Bureaus  of  Animal  Industry  and  Chemistry  of  this 
Department.  The  results  have  recently  been  published  in  a  very 
comprehensive  report.® 

The  purpose  of  the  investigation  was  to  secure  '^  all  available  data 
showing  the  influence  of  milk  as  a  carrier  of  infection,  its  chemical 
composition,  the  contaminations  found  therein,  their  influence  upon 
it  as  an  article  of  food,  and  the  measures  necessary  in  its  production 
and  handling  to  prevent  such  contamination." 

As  regards  milk  supply,  the  conclusion  was  reached  that  '*'  it  is 
evident,  from  a  broad  view  of  the  subject,  that  a  pure  and  wholesome 
milk  supply  is  possible,"  and  it  is  stated  that  the  report  contains  all 
the  necessary  information  to  attain  that  end,  as  well  as  the  existing 
standards  of  purity  to  which  it  should  conform. 

"  The  three  cardinal  requirements — cleanliness,  cold,  and  speedy 
transportation  from  the  cow  to  the  consumer — must  be  observed,  and 
the  cow  herself  must  be  free  from  disease.  For  their  observance, 
intelligence  and  care  on  the  part  of  the  dairyman  and  milk  dealer  are 
absolutely  essential." 

In  the  report  of  a  previous  conference  appointed  by  the  Commis- 
sioners of  the  District  of  Columbia,^  a  classification  of  commercial 
milk  was  proposed  by  A,  D.  Melvin,  chief  of  the  Bureau  of  Animal 
Industry  of  this  Department,  which  seems  applicable  to  the  milk 
supply  of  any  city.  Doctor  Melvin  recommends  "  that  the  milk  sup- 
ply of  the  city  be  divided  into  three  classes."  Class  1  is  to  be  certified 
milk,  essentially  as  previously  specified  (p.  26). 

Class  2  to  be  clean,  raw  mUk  from  healthy  cows,  as  determined  by  the  tuber- 
culin test  and  veterinary  physical  examination ;  the  cows  to  be  housed,  fed,  and 
milked  under  good  conditions,  but  not  necessarily  equal  to  the  conditions  pro- 
vided for  class  1;  pure  water,  as  determined  by  chemical  and  bacteriological 
examination,  to  be  provided ;  the  bacteriological  count  of  the  milk  not  to  exceed 
3.00,000  bacteria  per  cubic  centimeter  at  the  time  the  milk  reaches  the  city  at 
any  season  of  the  year,  as  determined  by  the  health  department  at  frequent 
intervals;  milk  to  be  delivered  to  the  customer  in  sterilized  containers,  and  the 
temperature  of  the  mUk  not  to  exceed  50*"  F.  until  delivered  to  the  consumer. 

Class  3  to  be  milk  from  all  other  dairies  not  able  to  comply  with  the  require- 
moits  for  classes  1  and  2,  this  milk  to  be  clarified  and  pasteurized  at  central 

•  Pub.  Health  and  Mar.  Hosp.  Serv.  U.  S.,  Hyg.  Lab.  Bui.  41. 

^  U.  S.  Dept.  Agr.,  Bur.  Anim.  Indus.  Circ.  114. 
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pasteurizing  plants,  wliich  shall  be  under  the  personal  superyi8i<Hi  of  an  ofltar 
of  the  health  department.  These  pasteurizing  plants  may  b^  proyided  either  by 
private  enterprise  or  by  the  District  government,  and  should  be  located  within 
the  city  of  Washington.  Class  3  milk  should  not  be  permitted  to  exceed  60"  F. 
on  delivery  from  the  dairy  to  the  pasteurizing  plants.  The  milk  from  these 
pasteurizing  plants,  placed  in  sterilized  containers,  should  be  delivered  to  the 
consumer  at  a  temperature  not  exceeding  50**  F.  All  milk  of  unknown  origin 
should  be  placed  under  class  3  and  subjected  to  clarification  and  pasteurizatioiL 
It  should  also  be  provided  that  no  cows  suflferlng  from  any  commonicable  dis- 
ease or  any  unfit  condition,  to  be  determined  upon  physical  examination  by  an 
authorized  veterinarian,  shall  be  permitted  in  any  dairies;  and,  further,  that 
cows  which  do  not  show  any  physical  signs  of  tuberculosis  upon  veterinary 
examination,  but  which  may  have  reacted  to  the  tuberculin  test,  may  be 
Included  in  dairies  supplying  milk  of  this  class. 

No  dairy  farm  should  be  permitted  to  supply  milk  of  a  higher  class  Uian  tliat 
for  which  the  permit  has  been  Issued,  and  each  dairy  farm  supplying  milk  of 
a  specified  class  should  be  separate  and  distinct  from  any  dairy  farm  of  a 
different  class ;  the  same  owner,  however,  might  supply  different  classes  of  milk, 
providing  the  dairy  farms  are  separate  and  distinct,  as  above  indicated. 

All  milk  to  be  of  good  composition,  free  from  adulterants  and  artificial  color- 
ing matter. 

The  term  "  milk  **  to  include  both  milk  and  cream. 

It  seems  evident  from  a  consideration  of  the  foregoing  that  what  is 
especially  needed  is  a  better  knowledge  on  the  paii;  of  producer,  dis- 
tributer, and  consumer  of  milk  of  the  necessity  for  intelligent  care  and 
absolute  cleanliness  in  producing  and  marketing  this  valuable  product 

THE  CSOW  AS  A  MENACE  TO  POTTLTBT  BAISDIO.* 

Discussing  this  subject  in  a  report  of  the  Rhode  Island  Station, 
L.  J.  Cole  says : 

That  the  common  crow  (Corvus  brachyrhynchos)  is  a  not  infrequent  despoUer 
of  the  nests  of  other  birds  has  long  been  known,  while  Ills  attacks  upon  ponltrj 
and  eggs  were  among  the  grievances  held  against  him  by  the  early  settlers. 
It  is,  perhaps,  not  generally  appreciated  tliat  the  crow  is  distinctly  omnlToroos, 
and  that  under  natural  conditions  a  large  proportion  of  its  food  conalats  of 
animal  matter.  According  to  Barrows  and  Schwars,  roughly  speaking  one- 
third  of  the  food  of  crows  consists  of  animal  matter;  during  c^tain  months. 
especially  April  and  May,  the  proportion  of  animal  food  consumed  is  nearly 
double,  while  in  the  fall  and  winter  it  is  correspondingly  less. 

The  crow*s  depredations  upon  poultry  consist  almost  entirely  In  the  destmc- 
tion  of  eggs  and  the  killing  of  the  young.  Adult  fowls  are  probably  seldom 
attacked,  unless  sick  and  weakened.  The  eggs  of  the  turkey,  which  is  commonly 
allowed  to  roam  and  select  its  nesting  site  fftr  removed  from  the  house  or 
poultry  yard,  are  especially  liable  to  destruction  by  crows.  They  do  frequently, 
however,  attack  chicks,  young  turkeys,  and  even  goslings.    ♦    ♦    ♦ 

Serious  depredations  of  crows  upon  poultry  and  eggs  appear  to  occur  only 
in  certain  localities,  while  In  other  places,  thoui^  the  crow  may  have  an  un- 
savory reputation,  as  he  generally  does  in  farming  communities,  he  is  at  least 
free  of  this  opprobrium.    The  reasons  for  this  are  probably  twofold,  depending. 

• 

^  Compiled  from  Rhode  Island  Sta.  Rpt  1908,  pp.  312-316. 
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first,  upon  the  abundance  of  other  food,  and,  in  the  second  place,  npon  the  aoces- 
sibility  of  poultry.  As  poultry  raising  is  now  generally  conducted,  when  any 
special  attention  is  given  to  it,  the  eggs  are  no  longer  exposed  to^the  danger 
from  crows,  since  the  hens  lay  in  regularly  appointed  housea  Furthermore, 
the  young  chicks  are,  as  a  rule,  much  better  protected,  being  confined  in  yards 
and  runs  near  the  house,  instead  of  being  allowed  to  roam  at  large  with  their 
mothers.  Nevertheless,  ♦  ♦  ♦  the  crows  may  become  very  daring  in  their 
attacks  when  other  food  is  scarce.  The  necessity  of  an  abundant  supply  of 
food  is  especially  great  during  the  months  of  April  and  May,  when  the  crows 
are  rearing  their  young.  *  *  *  Since  young  chicks  are  usually  raised  at 
about  the  same  time.  It  is  evident  why  they  often  furnish  a  very  acceptable 
addition  to  the  crow*s  larder. 

Attention  is  called  to  two  cases  of  persistent  depredations  by  crows, 
which  caused  serious  losses  to  poultrymen  in  Rhode  Island.  In  one 
case,  25  per  cent  of  the  chickens  hatched  were  destroyed  by  orows 
between  April  1  and  July  10. 

All  sizes  were  taken,  from  the  time  they  were  Just  hatched  until  they  were 
a  pound  in  weight  The  larger  chicks  the  crows  killed  and  ate  where  th^ 
caught  them,  but  the  smaller  ones  th^  carried  away  in  their  beaks.  Various 
efforts  were  made  to  keep  the  crows  away,  most  of  which  were  ineflfectual. 
The  first  was  a  scarecrow,  but  this  had  little  or  no  effect.  In  the  second  place, 
com  soaked  in  strychnin  soluti<»i  was  scattered  on  a  field  of  planted  com  at  a 
little  distance  from  the  chicken  yard.  This  may  have  killed  some  crows,  but 
no  dead  ones  were  found.  No  corn  was  pulled,  but  there  was  no  appreciable 
decrease  in  the  number  of  chickens  taken.  Third,  a  steel  trap  was  set  on  a  pole 
near  the  chicken  yard,  but  without  success.  Fourth,  white  twine  was  run  on 
stakes  around  and  across  the  chicken  yard;  this  kept  the  crows  from  the  yard, 
but  the  small  chicks  would  get  out,  and  would  then  stiU  ftiU  a  prey  to  the  crows. 
Blnally,  a  crow  was  shot  and  hung  on  a  pole  near  the  chicken  yard,  after  which 
tbere  was  no  further  trouble. 

In  the  other  case  cited,  87  per  -cent  of  ducklings  hatched  were  de- 
stroyed by  crows.  In  this  case,  also,  a  scarecrow  was  ineffectual  in 
keeping  the  crows  away. 

The  question  of  whether  the  crow  is  on  the  whole  beneficial  to  agricultural 
interests  or  whether  he  does  more  harm  than  good,  is  one  that  will  probably 
have  to  receive  a  different  answer  in  accordance  with  different  conditions.  That 
be  does  a  great  deal  of  good  at  times  by  the  destruction  of  noxious  insects  can 
not  be  denied,  though  it  would  probably  be  difficult  to  convince  the  average 
farmer  that  he  is  anything  but  a  thief  and  a  rascal.  The  problem  is  in  reality 
an  extremely  complex  one,  depending  upon  a  great  many  variable  factors, 
especially  the  absolute  and  relative  abundance  of  various  kinds  of  food.  Whai 
otlier  food  is  scarce  the  crow  turns  to  poultry,  but  when  certain  insects  (such, 
for  example,  as  the  beetles  commonly  known  as  **  June  bugs  ** )  are  abundant, 
tlie  crow  feeds  largely  upon  them.    ♦    ♦    ♦ 

"Whatever  may  be  the  crow's  good  points  in  particular  cases,  it  is  not  likely 
tliat  the  poultryman  who  is  suffering  serious  losses  by  his  depredations  will  be 
Inclined  to  look  upon  him  with  favor.    ♦    ♦    ♦ 

It  should,  perhaps,  be  mentioned  that  it  is  the  opinion  of  many  observers  that 
tlie  egg  and  poultry  stealing  habit  Is  not  common  to  all  of  the  crows  of  even  a 
single  locality,  but  that  the  habit  Is  acquired  by  certain  individuals  only,  and 
tliat  if  these  can  be  shot  the  trouble  will  be  stopped. 
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HOVBS  OF  LABOS,  WAGES,  AND  COST  OF  BOABD  OH  XniSESOIA 

FABHS.^' 

In  connection  with  an  exhaustive  study  of  the  cost  of  producing 
farm  crops  and  of  feeding  and  caring  for  live  stock  on  MinnesoU 
farms,  statistical  data  have  been  collected  regarding  the  hours  of 
labor,  the  cost  of  farm  labor,  and  the  value  of  the  food  of  the  family, 
including  both  the  articles  purchased  and  the  articles  produced  on 
the  farm.  These  statistics  are  of  interest  in  themselves  and  are  also 
an  essential  part  of  the  discussion  of  the  cost  of  producing  farm 
crops  and  stock. 

Farms  were  selected  first  in  three,  then  in  five,  counties  in  western, 
northwestern,  southeastern,  and  southwestern  Minnesota,  and  data 
were  systematically  gathered  in  a  numb^  of  farm  homes  in  these 
counties.  The  investigations  were  instituted  by  Assistant  Secretary 
Willet  M.  Hays  (then  professor  of  agriculture  at  the  Minnesota 
College  of  Agriculture)  and  have  been  carried  on  by  the  Minnesota 
Experiment  Station  cooperating  with  the  Bureau  of  Statistics  of  this 
Department. 

According  to  E.  C.  Parker  and  T.  P.  Cooper,  who  reported  the  latest 
of  these  investigations,  the  average  monthly  cash  wages  of  farm  labor- 
ers on  the  selected  farms  for  the  years  1904-1907,  during  the  ei^t 
"  crop-season  "  months,  April  1  to  November  30,  were  approximately 
as  follows:  Northfield,  Rice  County  (1905-1907),  $26.16;  Marshall, 
Lyon  County,  $26.64;  Halstad,  Norman  County,  $25.56,  and  a  large 
farm  in  northwestern  Minnesota,  Norman  County,  $26.77.  During 
the  months  of  December,  January,  February,  and  March  the  average 
monthly  wage  at  Northfield  was  $15.80;  Marshall,  $14.20;  Halstad, 
$11.69,  and  the  large  farm  in  northwestern  Minnesota,  $14.36. 

The  average  cash  value  per  houc  of  farm  labor  on  all  the  farms, 
for  the  three  years  1905-1907,  was  11.2  cents  for  December,  January, 
February,  and  March,  and  12.7  cents  for  the  "  crop-season ''  months, 
April  to  November,  inclusive.  While  wages  are  lower  in  the  winter 
months,  the  number  of  hours  of  labor  is  much  less  than  in  the 
summer,  thus  there  is  little  difference  between  summer  and  winter  in 
the  cost  per  hour  for  farm  labor.  This  cost  is  based  upon  the  wages 
paid  to  men  plus  the  cost  for  board. 

The  average  number  of  hours  worked  per  day  by  men  (1902-1907) 
on  the  farms  at  Northfield,  southeastern  Minnesota,  was  8.94  hours, 
with  3.64  hours  for  Sunday  work.  At  Marshall,  in  southwestern 
Minnesota,  8.66  hours  for  week  days  and  3.05  hours  for  Sundays,  and 
at  Halstad,  in  northwestern  Minnesota,  8.10  hours  for  week  days  and 
2.76  hours  for  Sundays.  No  estimate  is  given  of  the  average  length 
of  the  working  day  of  the  women  on  these  farms. 

The  statistics  summarized  show  that  on  an  average  the  total  value 
of  the  farm  produce  used  per  family  was  $222.97;  of  groceries  and 

<*  (Compiled  from  Minnesota  Sta.  Bnl.  97 ;  U.  S.  Dept  Agr.,  Bur.  Statls.  Bula 
48,  78;  Jour.  Home  Econ.,  1  (1909),  No.  1,  pp.  43-61. 
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fuel,  $170.89;  of  man  and  horse  labor,  $57.74;  of  women's  labor, 
$216.66,  and  of  house  furnishings,  $32.46  per  year,  women's  labor  rep- 
resenting 30.91  per  cent  of  the  total  cost,  the  largest  single  item  with 
the  exception  of  farm  produce,  which  was  31.81  per  cent  of  the  total. 

In  estimating  the  cost  of  board  per  man  per  month  record  was  kept 
of  the  food,  including  groceries,  meat,  farm  products,  etc.,  fuel, 
garden  produce,  including  cash  cost  of  seeds,  labor,  rent  of  land,  etc., 
the  labor  of  men  in  the  household,  and  labor  of  women  in  the  house- 
hold. Record  was  also  kept  of  the  number  of  persons  who  were 
boarded  and  the  nxmiber  of  days  each  was  boarded. 

Assistant  Secretary  Hays  and  E.  C.  Parker  make  the  following 
statements  r^arding  this  part  of  the  work : 

In  determining  the  cost  of  t>oard  on  farms  per  day  and  per  month,  it  is 
necessary  to  figure  the  total  cost  of  the  table  board  each  year,  and  then  divide 
this  snm  by  the  total  number  of  days'  board  in  terms  of  one  man.  It  is  impos- 
sible to  figure  this  cost  of  l>oard  month  by  month  during  the  year,  because  the 
purchase  of  suppUes  may  be  great  one  month  and  very  small  the  next  month. 
Inventoried  supplies  of  flour,  sugar,  fbrm  produce,  etc.,  are  consumed  during 
a  number  of  months,  and  the  exact  amount  consumed  each  month  can  not  be 
determined.  Cost  of  l>oard  per  month  per  man  is,  therefore,  figured  from  a 
yearly  average,  and  the  data  secured  *  *  *  are  used  in  determining  the 
rate  of  wages  per  hour.    ♦    ♦    ♦ 

Wages  for  household  work  are  not  actually  paid  on  a  majority  of  farms,  but 
a  yearly  cash  value  is  placed  upon  the  household  work  on  each  farm,  so  that 
the  cost  of  l>oard  may  be  reduced  to  cost  per  month  per  man  and  be  used  in 
determining  rates  of  wages  for  man  labor.  The  amount  of  wages  *  *  * 
[assigned]  in  each  case  is  determined  by  the  standard  of  living,  the  sise  of 
the  family,  and  the  prevailing  wages  for  housekeepers  and  hired  women. 

The  average  cost  of  farm  board  per  month  of  one  laborer  for  the 
three  years  1905-1907  was,  according  to  the  figures  summarized, 
$14.36  at  Northfield,  $12.73  at  Marshall,  $11.58  at  Halstad,  and 
$10.02  on  the  large  grain  farm  in  northwestern  Minnesota.  ^^The 
average  cost  per  day  was  47.9  cents  at  Northfield,  42.4  cents  at  Mar- 
shall, 38.6  cents  at  Halstad,  and  33.4  cents  for  the  large  farm  in  north- 
western Minnesota ;  the  average  cost  of  board  per  month  on  all  farms 
wis  $12.65,  and  per  day  42  cents." 

An  important  factor  in  determining  the  cost  of  board  on  farms 
is  the  proportion  of  home-grown  material  and  purchased  foods 
which  is  used.  The  table  which  follows  shows  the  average  quantity 
of  farm  produce  other  than  vegetables  used  on  the  various  farms. 

Average  annual  consumption  of  farm  produce  per  man  on  certain  Minnesota 

farm^. 


Xfocatlon  of  fanna. 

Whole 
milk. 

Skim 
milk. 

Butter. 

Cream. 

EggB. 

Pork. 

Poultry. 

Beef. 

Mntton. 

'Morthfl«M 

Poundt, 
888.2 
241 
48.2 

PoumdB, 

*"29e.*»* 
718.1 

Poundt. 
19.1 
08.6 
62.2 

Pounds. 
16.8 
90.1 
84.7 

Doten. 
61.8 
46 
26.8 

Pounds. 
94.4 
77.6 
60.1 

Pounds. 

22.6 

24.9 

6.8 

Pou/nds. 

Pounds, 

Siarahall 

28.4 
118.2 

4.1 

^Alff^^ 

2.2 

»66 
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According  to  T.  P.  Cooper's  discussion  of  this  subject — 

The  yalues  given  in  the  table  afford  a  good  illastration  of  the  quantity 
'^  *  *  of  the  farm  products  used  per  man,  and  show  the  great  difference 
In  the  dietary  of  the  farmers  in  the  sontheastem  part  of  the  State  and  those 
in  the  northwestern.  At  Marshall  a  larger  amount  of  batter  was  made  and 
consumed  on  the  t&rm  than  at  Northfield  and  a  considerably  larger  amount 
of  cream,  meats,  etc.,  were  used,  while  the  quantity  of  eggs  and  pork  used  was 
smaller.  At  Halstad  as  at  Marshall  there  was  a  tendency  to  make  a  greater 
use  of  products  produced  at  home.  The  saving  shown  in  the  amount  of  butter 
and  eggs  used  per  man  is  possibly  due  to  the  fact  that  they  have  a  ready  cash 
sale,  but  is  more  likely  due  to  the  use  of  certain  substitutes  which  are  cheaper 
or  more  easily  secured. 

No  skim  milk  (that  is,  milk  from  which  the  greater  part  of  butter  fat  has 
been  separated,  but  which  stUl  c(mtains  about  one-tenth  per  cent  fat)  was  used 
on  the  Northfield  route,  but  a  large  quantity  was  used  on  the  Halstad  route 
and  but  very  little  whole  mUk.  The  quantity  of  cream  used  on  the  Marshall 
route  is  large  compared  with  Northfield,  90  pounds  against  16  pounds^  but  the 
quantity  of  whole  milk  consumed  wns  less.  In  1907  only  two  farms  on  the 
Halstad  route  used  whole  milk.  However,  the.  loss  of  fat  in  the  whole  mUk 
was  made  good  by  the  use  of  cream  and  the  skim  milk.  The  cream  commonly 
used  on  these  farms  contains  from  20  per  cent  to  80  per  cent  butter  fat. 

It  is  of  interest  to  note  the  great  dependoice  placed  upon  dairy  products  oq 
the  Marshall  and  Halstad  farms.  There,  the  milk,  cream,  and  butter  used 
assume  a  prominent  place  in  the  family  diet  As  no  milk  or  cream  is  purchased* 
the  quantities  of  milk  used  indicate  in  a  way  the  dep^idence  of  the  farm  family 
on  the  different  routes  upon  these  products.  At  Northfield  849  pounds  of  milk 
and  cream  are  consumed  per  man  per  year,  while  at  Marshall  and  Halstad  the 
amounts  are  630  pounds  and  851  pounds,  respectively.  The  farm  at  Halstad* 
then,  provides  almost  two  and  a  half  times  more  milk  and  cream  per  man  per 
year  than  the  farm  at  Northfield. 

The  farms  at  Halstad  furnish  annually  187  pounds  of  meat  per  man  per 
year,  those  at  Marshall  184  pounds,  and  at  Northfield  117  pounds,  the  hoosewlfe 
at  Northfield  being  more  d^;)endent  upon  the  butcher  than  are  those  of  MarsfaaH 
and  Halstad.  The  smaller  quantity  of  meat  from  the  farm  used  at  Northfield 
is  probably  due  in  part  to  the  fact  that  the  average  number  of  persons  boarded 
is  insufllcient  to  consume  fresh  meat  during  the  warm  months  and  in  part  to  a 
distaste  for  the  preserved  products.  The  value  of  the  t&rm  produce  used  at 
Halstad  and  Marshall  is  about  one-third  of  the  total  cost  of  board,  which  illos- 
trates  the  old  saying  that  the  farmer  obtains  one-half  his  living  from  the  farm. 
If  labor  and  furnishings  are  not  considered,  the  fiurm,  as  det^mined  by  cost, 
furnishes  44  per  cent  of  the  living  at  Northfield,  58  per  cent  at  Marshall,  and  56 
per  cent  at  Halstad.  If  food  values  are  taken  into  consideration,  a  much 
higher  proportion  would  be  furnished  from  the  farm.  A  large  proportion  of  the 
expenditures  for  groceries  is  for  items  having  a  slight  food  value  best  used  for 
condimental  purposes  and  for  furnishing  pleasant  changes. 

If  a  people  are  known  by  their  dietary,  we  may  look  upon  the  farmer  of  Min- 
nesota as  being  an  exceptionally  well-fed  individual  and  consequently  having  a 
high  labor  eflSciency.  This  view  is  undoubtedly  correct,  for  while  the  average 
number  of  hours  of  labor  by  the  farmer  is  not  excessive,  yet  a  visitor  is  osoaUy 
impressed  with  the  amount  of  work  accomplished. 
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nrrBODTrcnov. 

If  the  phenomenon  of  lightning  were  better  undeistood,  perhaps 
the  enormous  toll  it  exacts  in  life  and  property  would  be  less.  Care- 
fully compiled  statistics  show  that  in  the  United  States  between  700 
and  800  persons  are  killed  annually  and  twice  that  number  injured 
by  lightning.  This  great  loss  of  life  falls  largely  upon  the  people  who 
liye  away  from  the  great  centers  of  population.  So,  too,  the  greater 
part  of  the  annual  loss  of  property  is  chargeable  to  farm  buildings  and 
their  contents  and  live  stock  in  the  field.  Light  and  power  elec- 
trical transmission  lines  also  suffer  from  the  vagaries  of  lightning, 
but  the  great  multiplication  of  these  lines  in  recent  times  has  stimu- 
lated the  development  of  means  of  protection,  so  that  nowadays  the 
electric  power  plants  and  lines  are  better  protected  from  lightning 
than  are  farm  buildings. 

In  what  follows  an  attempt  will  be  made  to  outline  in  nontech- 
nical language  a  few  of  the  most  important  laws  of  electrical  phe- 
nomena. It  is  obvious  that  even  a  rudimentary  knowledge  of 
matters  concerning  the  behavior  of  electrically  charged  bodies  under 
various  conditions  will  be  of  high  value  to  persons  who  spend  the 
greater  portion  of  the  day  in  the  open. 

Lightning,  or  more  particularly  a  lightning  flash,  is  a  discharge 
of  electricity  between  two  electrified  bodies,  as  between  one  cloud 
and  another  or  between  a  cloud  and  the  earth.  Most  of  us  are 
familiar  with  electricity  and  the  varied  economic  purposes  it  serves. 
In  all  of  these,  however,  it  is  imder  perfect  control;  it  is  chained,  so 
to  speak,  by  the  wires  which  distribute  it  from  the  cell  in  which  it 
is  produced  by  chemical  action,  or  from  the  generator  which  trans- 
forms the  energy  of  the  steam  engine  into  electromotive  force. 

In  order  that  the  difference  between  the  electricity  that  flows  from 
ct  mechanical  generator  or  other  artificial  source  and  that  which 
ctl>ides  in  the  atmosphere  and  on  the  earth's  surface  may  be 
understood,  it  is  necessary  that  first  principles  be  considered  very 
briefly. 
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OBIOnr  OF  ELECTBICITT. 

It  has  been  stated  that  electricity  may  be  produced  by  chemical 
action  or  by  mechanical  means,  but  there  are  still  other  means  by 
which  a  body  may  be  given  an  electrical  charge.  Thus,  if  one  rubs 
his  feet  over  a  woolen  carpet  several  times  and  then  touches  his  fin^ 
ger  to  the  gas  fixtures  a  slight  spark  will  pass  to  the  latter  with  an 
audible  snap.  In  this  experiment  the  body  through  friction  with 
the  woolen  carpet  receives  a  very  light  electric  charge.  The  latter  is 
dischai^ed,  or  dissipated,  as  soon  as  the  finger  touches  the  gas  fixture. 
This  experiment  is  intended  to  show  the  ease  with  which  a  body  can 
receive  an  electric  chaise. 

CONDTTCTOBS  AVD  VOVCOVDITCTOSS. 

Bodies  do  not  all  behave  alike  when  an  electric  charge  has  been 
given  them;  thus  some  of  them  immediately  conduct  it  away — in 
other  words,  the  charge  does  not  permanently  reside  on  the  body. 
To  these  bodies  the  name  of  conductor  has  been  given,  hence  the 
term  ** lightning  conductor"  means  a  body  that  will  conduct  or  lead 
away  a  lightning  dischai^e.  Other  bodies  have  the  quality  of  retain- 
ing an  electrical  chaise  for  some  time  or  of  permitting  it  to  escape 
very  slowly.  These  are  called  nonconductors  or  insulators.  A  con- 
ductor, if  supported  by  a  nonconducting  body,  may  also  retain  an 
electric  charge,  but  the  retention  of  the  charge  is  due  to  the  fact  that 
the  nonconducting  support  of  the  body  prevents  the  escape  of  the 
charge.  The  metals  are  good  examples  of  conducting  bodies.  Glass 
and  gutta-percha  are  good  examples  of  nonconductors  or  insulators. 
Telegraph  lines,  it  will  be  remembered,  are  insulated  from  the  poles 
by  glass  insulators.  At  one  time  it  was  thought  neoessary  to  insulate 
lightning  rods  from  buildings  by  glass  or  porcelain  insulators,  but 
that  view  is  not  now  generally  held. 

An  electrical  chaise  suddenly  falling  upon  a  conductor,  say  an  iron 
rod,  will  be  safely  disposed  of,  provided  the  conductor  is  in  connec- 
tion with  the  earth.  On  the  other  hand,  the  same  charge  falling 
upon  a  piece  of  wood,  the  latter  being  a  bad  conductor,  will  split  it 
into  many  fragments  and  possibly  develop  enough  heat,  by  reason  of 
the  resistance  offered  by  the  wood,  to  set  the  latter  on  fire.  For 
reasons  above  given,  lightning  conductors  are  made  with  a  view  of 
carrying  the  electrical  charge  safely  to  the  earth  through  the  medium 
of  a  good  metallic  conductor. 

POSITIVE  AND  NEGATIVE  ELECTBIFICATIOH. 

In  nature  there  are  two  kinds  of  electrification,  viz,  positive  and 
negative;  thus  a  body  may  be  either  positively  or  n^atively  elec- 
trified.    The  law  of  electrical  attraction  and  repulsion  is  generally 
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stated  as  follows:  Bodies  electrified  in  the  same  maimer  repel  one 
another;  while  bodies,  one  electrified  positively  the  other  negatively, 
attract  one  another.  In  the  behavior  of  oppositely  electrified  bodies 
when  brought  near  each  other  lies  the  key  to  many  interesting  facts 
in  electrical  science. 

A  positively  charged  body,  if  placed  between  two  others,  one  hav- 
ing a  positive  the  other  a  negative  charge,  will  tend  to  move  toward 
the  latter,  due,  we  are  told,  to  the  "electrical  field"  set  up  by  the 
oppositely  charged  bodies.  By  an  "electrical  field"  is  meant  the 
region  in  which  work  is  done  to  move  an  electrical  charge  from  one 
point  to  another.  This  work  ia  susceptible  of  exact  measurement;  it 
varies  inversely  as  the  square  of  the  distance  separating  the  bodies, 
and  depends  also  on  the  material  of  the  nonconductor  separating  the 
bodies.  The  latter  is  generally  called  the  "medium"  or  "dielec- 
tric;" thus  the  air  separating  one  cloud  from  another,  or  a  cloud  from 
the  earth,  is  known  and  referred  to  as  the  "medium"  or  "die- 
lectric." For  the  purpose  of  this  paper  air  will  be  considered  as  a 
nonconductor. 

The  force  exerted  in  transferring  an  electric  charge  from  one  point 
to  another,  as  before  stated,  depends  upon  the  character  of  the  medium 
through  which  it  is  transmitted.  If  the  medium  is  a  conductor,  it 
wiU  pass  from  one  to  the  other  harmlessly,  but  if  the  mediiim  should 
be  a  nonconductor,  such  as  the  atmosphere,  work  will  have  to  be 
done.  The  work  done  in  the  last-named  case  is  manifest  in  light- 
ning strokes  by  the  rending  and  splitting  of  the  objects  struck,  as 
before  stated,  and  in  this  we  find  a  reason  for  the  rule  in  the  erection 
of  lightning  conductors,  viz,  that  the  conductor  should  be  continu- 
ous— there  should  be  no  air  gaps  in  it,  because  a  vast  increase  in  the 
expenditure  of  energy  on  the  part  of  the  Ughtning  stroke  is  necessary 
to  cross  the  gap  of  nonconducting  air.  In  this  principle  is  also  foimd 
an  explanation  of  the  fact  generally  observed  in  the  case  of  a  person 
struck  by  lightning,  viz,  that  the  shoes  are  almost  always  torn  from 
the  body  and  badly  wrecked.  The  air  gap  between  the  body  and  the 
ground,  although  very  small,  is  sufficient  to  produce  the  observed 
effect. 

A  point  has  now  been  reached  when  it  is  necessary  to  introduce 
another  technical  term,  viz,  "electrical  potential,"  or  simply  "poten- 
tial." The  idea  conveyed  by  "potential"  is  of  the  same  nature  as 
that  of  difference  in  level  in  case  of  water;  thus  water  always  flows 
from  the  higher  to  the  lower  level,  and  the  force  with  which  it  flows 
depends,  among  other  things,  upon  the  amoimt  of  the  difference  in 
level.  So  in  electrical  terminology  a  current  of  electricity  flows 
from  a  body  with  a  high  potential  to  a  body  with  a  lower  potential ;  or, 

other  words,  the  distribution  of  the  electric  charge  on  both  bodies 
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is  very  materially  changed  when  they  are  brought  into  conducting 
communication. 

In  the  definition  of  a  lightning  flash  on  a  previous  page  one  of 
the  great  differences  between  a  lightning  flash  and  the  ordinaiy 
electric  ciurent  was  not  pointed  out,  viz,  the  first  differs  from  the 
second  in  that  it  is  at  a  much  higher  potential;  that  is,  the  force  or 
pressure  that  impels  it  is  tremendously  greater  than  that  which, 
for  example,  causes  an  electric  current  to  flow  along  a  trolley  line. 
The  latter  flows  \mder  small  pressure  through  a  conductor,  while 
the  former  breaks  down  the  air,  a  nonconducting  body,  throughout 
a  path  sometimes  more  than  a  mile  in  length. 

To  recapitulate:  Thus  far  it  has  been  shown  that  a  body  may 
receive  an  electric  charge  in  several  ways;  that  there  are  two  kinds 
of  electrification;  that  different  bodies  behave  differently  with  resi>ect 
to  holding  electrical  charges;  that  there  is  an  attractive  force  between 
bodies  oppositely  electrified,  and  some  of  the  laws  that  govern  the 
transmission  of  an  electric  charge  from  one  body  to  another  have 
been  pointed  out.  There  is  another  method  by  which  an  uncharged 
body  may  be  electrified,  viz,  by  bringing  it  into  the  field  of  a  charged 
body.  This  method  is  known  as  the  phenomenon  of  induction. 
It  is  of  importance  in  the  erection  of  lightning  conductors,  as  will 
now  be  shown. 

Let  there  be  any  two  parallel  wires  close  together.  Through  one 
of  them,  A,  pass  an  electric  current.  The  flow  of  this  current  wUl 
induce  a  current  in  the  other  wire,  B,  in  a  direction  opposite  to  that 
in  A.  Telegraph  and  telephone  lines  carried  on  the  same  poles  are 
operated  with  great  difl&culty  because  of  the  induced  current  set 
up  in  the  telephone  wires  by  the  current  flowing  through  the  tele- 
graph wires,  and  certain  devices  have  to  be  appUed  to  the  former  in 
order  to  overcome  the  induction  effects. 

The  application  of  this  principle  to  lightning  conductors  lies  in 
the  fact  that  a  stroke  of  lightning  falling  on  the  lightning  rod  is  Uable 
to  set  up  side  flashes  in  the  metal  work  of  the  building  that  may  be 
near  to  the  lightning  conductor.  The  remedy  will  be  foimd  in  the 
concluding  part  of  this  paper. 

Franklin  was  the  first  to  point  out  that  an  electrical  field  exists 
in  the  atmosphere  during  thimderstorms.  Later  investigators  have 
shown  that  an  electrical  field  is  present  in  the  lower  atmosphere 
even  in  fair  weather,  such  that  a  positively  charged  body  would  be 
attracted  toward  the  surface  of  the  earth.  We  are  also  told  that 
the  surface  of  the  earth  is  always  negatively  charged,  and  further 
that  the  charges  on  these  two  bodies,  viz,  the  lower  atmosphere 
and  the  earth's  surface,  though  opposite  in  character,  do  not  per- 
manently neutralize  each  other,  as  might  be  expected.  On  the  con- 
trary there  is  a  tendency  in  the  electrical  condition  of  air  and  earth 
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to  depart  from  what  might  be  called  nonnal  conditions  of  fair  weather 
and  pass  into  conditions  of  great  strain  in  the  air  which  separates 
one  cloud  from  another  or  from  the  earth.  This  condition  of  great 
stress  is  foimd  in  thimderstorms;  it  is  relieved  by  disruptive  dis- 
charges from  cloud  to  cloud  and  from  cloud  to  earth.  Once  equilib- 
rium is  established  there  is  a  period  of  quiet,  and  then  another  period 
of  increasing  electrification  followed  by  thunderstorms. 

ELECTEIGITT   IH   THmTDEBSTOBMS. 

This  problem  has  been  freely  discussed  for  several  centuries;  it 
has  been  attacked  from  many  view  points  and  much  laboratory  work 
has  been  done  in  order  to  produce  a  discharge  that,  in  a  small  way, 
may  be  comparable  to  those  observed  in  nature.  Still  it  can  not 
be  said  that  the  precise  mechanism  of  a  thunderstorm  is  known. 
The  most  recent  theory  is  one  put  forth  by  Dr.  George  C.  Simpson.  * 
Doctor  Simpson  has  proven  by  laboratory  experiments  that  when 
a  large  drop  of  water  is  broken  up  into  smaller  drops  in  the  air  the 
water  becomes  positively  and  the  air  negatively  chained.  In  other 
words,  when  each  drop  of  water  is  broken  up  a  certain  number  of 
units  of  free  negative  ions  and  a  less  number  of  free  positive  ions  are 
released.  (An  ion  is  understood  to  be  any  extremely  small  material 
particle  which  carries  a  charge  of  electricity.) 

He  has  further  shown  that  every  time  a  drop  breaks  a  separation 
of  electricity  takes  place,  the  water  receiving  a  positive  charge 
and  the  air  a  corresponding  negative  chaise.  The  charge  which 
passes  to  the  air  is  rapidly  absorbed  by  the  cloud  particles,  and  in  time 
the  cloud  itself  may  become  highly  chained  with  negative  electricity. 
The  relation  of  these  facts  to  the  development  of  thimderstorms  will 
now  be  pointed  out.  The  latter,  it  may  be  remembered,  occur  for 
the  most  part  on  warm,  sultry  days;  the  usual  preliminary  is  the 
formation  of  a  cloud  with  a  flat  base  whose  summits — for  it  generally 
has  several — are  roimded  and  tower  far  into  the  sky.  These  rounded 
summits  are  the  tops  of  ascending  currents  of  warm  air  whose  mois- 
ture, condensed  by  the  cold  of  elevation,  forms  the  white  domelike 
structure  of  the  cloud.  The  existence  of  an  ascending  current  is 
beyond  question;  just  what  velocity  the  ascending  air  has  is  yet 
somewhat  conjectural.  A  velocity  of  18  miles  an  hour,  however,  is 
required  by  the  theory  under  discussion.  Lenard  has  shown  that 
drops  having  a  diameter  greater  than  two-tenths  of  an  inch  are 
unstable  when  falling  through  the  air  and  rapidly  break  into  smaller 
drops;  also  that  all  drops  having  a  diameter  less  than  two-tenths  of 
an  inch  have  a  final  velocity  when  falling  through  the  air  of  less  than 
18  miles  an  hour.     Thus  it  will  be  seen  that  in  the  ascending  air 

a  Proceedings  of  the  Royal  Society,  seriee  A,  vol.  82,  p.  169. 
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currents  of  a  thunderstorm  no  water  can  fall  provided  the  ascen- 
sional velocity  is  18  miles  an  hour  or  greater;  for  all  drops  less  than 
two-tenths  of  an  inch  in  diameter  are  carried  upward,  and  all  drops 
having  a  larger  diameter  quickly  break  into  smaller  drops.  The  above 
facts,  together  with  his  observations  and  experiments,  lead  Doctor 
Simpson  to  formulate  the  following  theory  for  the  origin  of  elec- 
tricity of  thimderstorms:. 

It  is  exceedingly  probable  that  in  all  thimdentonns  ascending  currents  greater 
than  18  miles  an  hour  occur.  Such  currents  are  the  source  of  large  amounts  of  water 
which  can  not  fall  through  the  ascending  air.  Hence  at  the  top  of  the  current,  when 
the  vertical  velocity  is  reduced  on  account  of  the  lateral  motion  of  the  air,  there  will 
be  an  accumulation  of  water.  This  water  will  be  in  the  form  <^  drops  which  are  ooo- 
tinually  going  through  the  process  of  growing  from  small  drops  into  drops  large  enough 
to  be  broken.  Every  time  a  drop  breaks  a  separation  of  electricity  takes  place,  the 
water  receives  a  positive  charge,  and  the  air  a  corresponding  amount  of  n^ative  ions. 
The  air  carries  away  the  negative  ions,  but  leaves  the  positively  charged  water  behind. 

A  given  mass  of  water  may  be  broken  up  many  times  before  it  falls,  and  in  conse- 
quence may  obtain  a  high  positive  charge.  When  this  water  finally  reaches  the 
ground  it  is  recognized  as  positively  charged  rain.  The  ions  which  travel  along  with 
the  air  are  rapidly  absorbed  by  the  doud  particles,  and  in  time  the  cloud  itself  noay 
become  highly  charged  with  negative  electricity.  Now,  within  a  highly  electrified 
cloud  there  must  be  a  rapid  combination  of  the  water  drops,  and  from  it  considerable 
rain  will  fall;  this  rain  will  be  negatively  charged  and  under  suitable  conditions  both 
the  charges  on  the  rain  and  the  rate  of  rainfall  will  be  large. 

A  rough  quantitative  analysis  shows  that  the  order  of  magnitude  of  the  electrical 
separation  which  accompanies  the  breaking  of  a  drop  is  sufficient  to  account  for  the 
electrical  effects  observed  in  the  most  violent  thunderstorms.  All  the  results  of  the 
observations  of  the  electricity  of  rain  described  above  are  capable  of  explanation  by 
the  theory,  which  also  agrees  well  with  the  actual  meteorological  phenomena  observed 
during  thunderstorms. 

Whatever  may  be  the  origin  of  the  electricity  of  the  air,  its  effects 
upon  the  various  terrestrial  objects  upon  which  it  falls  are  well 
known.  From  its  effects  we  are  able  to  infer  that  the  intensity  of 
the  chaise  in  the  lightning  flash  varies  between  very  wide  limits. 
Not  every  discharge  is  heavy  enough  to  take  life  or  badly  splinter  a 
tree,  so  that  we  can  at  once  distinguish  between  light  flashes  gen- 
erally harmless  and  heavy  flashes  which  splinter  trees  or  kill  live 
stock  and  human  beings.  A  third  class  may  also  be  recognized, 
viz,  the  violent  disruptive  discharge,  which,  as  pointed  out  by  Sir 
Oliver  Lodge,  is  the  result  of  a  discharge  initiated  elsewhere,  such, 
for  example,  as  when  one  cloud  dischai^es  to  another  cloud  between 
it  and  the  earth.  When  this  happens  the  free  charge  on  the  earth 
side  of  the  lower  cloud  will  be  suddenly  relieved  and  fall  upon  the 
earth  through  previously  unstrained  air  as  a  discharge  of  the  most 
violent  and  explosive  type. 

When  a  thunderstorm  develops  and  moves  over  the  land  the  air 
between  the  under  surface  of  the  cloud  and  the  earth's  surface  is 

367 


LIGHTNING  AND  LIGHTNING  CONDUCTOBS.  13 

able  at  first  to  resist  the  passage  of  a  discharge  between  cloud  and 
earthy  but  as  the  electrification  increase  the  strain  in  the  air  be- 
comes too  great  and  a  discharge  follows.  The  zone  of  danger  in  a 
thunderstorm  is,  therefore,  generally  equal  to  the  area  of  the  cloud 
itself,  sometimes  extending  a  little  to  the  front  of  the  cloud.  The 
heaviest  discharges  pretty  nearly  always  occur  simultaneously  with 
the  passage  of  the  storm  front.  The  reason  for  this  can  be  very 
easily  shown  in  the  laboratory;  thus  it  is  well  known  that  if  the  two 
poles  of  a  charged  electric  machine  are  brought  near  to  each  other 
a  spark  will  pass  from  one  to  the  other.  Now,  in  order  to  get  the 
first  spark  the  poles  of  the  electric  machine  must  be  brought  nearer 
together  than  is  necessary  after  several  sparks  have  passed.  The 
passage  of  several  sparks  through  the  air  separating  the  poles  evi- 
dently electrifies  it,  and  thus  it  becomes  a  better  conductor. 

The  area  within  the  storm  cloud  is  what  maybe  called  a  "  danger 
zone."  Within  this  zone  almost  any  upright  object,  especially  a  tree, 
is  a  better  conductor  than  the  air  itself,  and  is  consequently  liable  to 
lightning  stroke.  For  this  reason  to  take  refuge  under  a  tree  is  a 
dangerous  proceeding.  Other  places  to  avoid  are  near  chimneys 
or  fireplaces  and  in  close  proximity  to  wire  fences.  The  latter,  as 
has  been  repeatedly  stated  in  agricultural  journals  and  the  publi- 
cations of  the  Weather  Bureau,  should  be  grounded  at  every  fifth 
post.  To  successfully  ground  a  wire  fence  attach  to  the  fence  post 
with  staples  a  piece  of  galvanized  wire,  so  that  some  part  of  this  wire 
will  come  into  actual  mechanical  contact  with  the  fence  wire  and 
extend  thence  about  2  feet  into  the  ground.  A  bolt  of  Ughtning 
which  may  fall  upon  a  wire  thus  grounded  will  be  quickly  carried  to 
the  earth  and  rendered  harmless. 

The  ordinary  farm  building  is  not  difficult  to  protect  from  light- 
ning flashes  in  the  great  majority  of  cases.  While  absolute  protec- 
tion can  not  be  secured  unless  the  building  be  incased  in  a  network 
of  wires,  it  is  believed  that  a  building  with  a  properly  installed  system 
of  lightning  conductors  will  fare  better  than  one  without  such  a 
system  in  case  a  discharge  of  the  most  violent  type  should  fall 
upon  it. 

Whether  or  not  to  install  lightning  conductors  on  one's  property 
is  a  question,  after  all,  of  individual  judgment.  If  the  property  is 
insured  agaihst  loss  by  lightning  there  would  be  little  incentive  toward 
incurring  additional  expense  for  lightning  conductors.  In  case  of 
an  isolated  farm  building  standing  apart  from  trees  it  would  seem 
that  the  conservative  course  would  be  to  erect  an  inexpensive  sys- 
tem of  lightning  conductors,  such  as  will  be  described  in  the  con- 
cluding part  of  this  paper. 

367 


14 


LIGHTNING  AND  LIGHTNING  CONDUCTORS. 


UGHTNnra  sods  fos  fasm  BuiLDnras. 

It  is  proposed  to  give  in  what  follows  instructions  which  will  enable 
anyone  to  erect  a  comparatively  inexpensive  yet  effective  lightning 
conductor,  with  materials  that  can  be  purchased  from  the  larger 
electric  supply  houses. 

The  case  of  a  building  on  which  there  is  neither  cupola  nor  chimney 
will  be  discussed  first.    Such  a  building  and  the  method  of 
it  is  shown  in  figure  1. 


The  material  necessary  for  the  construction  shown  in  figure  1  con- 
sists of  (a)  sufficient  length  of  No.  3  or  No.  4  double  galvanized-iron 

telegraph  wire,  (b)  about 
a  pound  of  galvanissed- 
iron  staples,  (c)  three  or 
four  connecting  tees,  (d) 
1  pound  of  aluminum 
paint.  While  iron  is 
not  so  good  a  conductor 
as  copper  it  is  less  likely 
to  cause  dangerous  side 
flashes,  and  it  also  dissi- 
pates the  enei^  of  the 
lightning  flash  more  ef- 
fectively than  does  the 
copper. 

The  high  price  of  cop- 
per cable  adds  greatly 
to  the  price  of  manu- 
factured lightning  rods 
made  out  of  that  metal.  An  experiment  performed  by  Sir  Oliver 
Lodge  before  a  committee  studying  the  effect  of  lightning  on  various 
conductors  bears  directly  on  the  utility  of  copper  and  iron  as  light- 
ning conductors.    It  is  here  given: 

A  thin  sheet  of  metal  mounted  on  nonconducting  standards  represented  the  cloud, 
which  was  charged  at  will  from  a  Leyden  jar.  The  "cloud"  was  so  arranged  that 
the  model  lightning  conductors  could  have  their  points  brought  nearer  to  or  Luther 
frx>m  its  under  sur^e  by  ahifting  their  positions  on  the  table.  Conductors  of  copper, 
iron,  and  wet  strings  were  experimented  with.  The  disruptive  dischaige  to  the  copper 
proved  to  be  the  loudest  and  most  intense  by  far  of  the  three.  The  iron  tock.  the 
flash  with  less  noise,  the  wet  string  with  hardly  any;  yet  when  the  dischaige  paflsed 
through  it  the  other  and  apparently  better  conductors  were  not  affected.  The  experi- 
ments tended  to  demonstrate  that  iron  is  in  many  situations  a  very  useful  matmal 
for  lightning  rods,  as  the  effective  energy  of  a  flash  of  lightning  is  rapidly  dlwripated 
ilk  iron. 
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Iron  oxidizes  rapidly  when  exposed  to  the  air;  it  is  necessary, 
therefore;  that  it  be  galyanized.  In  the  trade  there  is  both  single 
and  double  galvanized.  Double  galvanized  or  Extra  Best  Best  should 
be  used.  There  are  several  gauges  in  use  by  wire  manufacturers 
both  in  this  country  and  abroad.  The  di£ferences  between  one 
gauge  and  another  are  not  great,  yet  it  should  be  remembered,  for 
example,  that  the  ''B.  &  S."  gauge  (Brown  &  Sharpe)  is  smaller 
than  either  the  Roebling  (John  A.  Roebling  &  Sons)  or  the  Birming- 
ham wire  gauge  of  England.  No.  2  wire,  B.  &  S.  gauge,  measures 
0.257  inch  in  diameter.  To  get  approximately  the  same  diameter 
in  the  Roebling  or  the  Birmingham  gauge  No.  3  wire  should  be  pro- 
cured. The  diameter  of  the  latter  is  roughly  a  little  over  a  quarter 
of  an  inch. 

The  size  of  wire  here  recommended  for  lightning  conductors  (No.  3 
or  No.  4)  is  lees  than  that  prescribed  for  main  conductors  by  the 
English  Lightning  Research  Committee  of  1905.  The  only  objec- 
tion that  can  be  urged  against  the  smaller  wire  is  that  of  insufficient 
capacity.  Some  years  ago  the  opinion  was  prevalent  that  the  sec- 
tional area  of  an  iron  conductor  should  be  six  times  as  great  as  that 
of  a  copper  conductor.  It  was  also  believed  that  the  diameter  of 
a  copper  conductor  should  be  not  less  than  three-eighths  of  an  inch. 
Accordingly  for  a  main  cQuductor  of  iron  it  would  be  necessary  to 
erect  a  rod  over  2  inches  in  diameter.  Such  a  size  would  nowadays 
not  be  considered  as  either  necessary  or  practicable.  The  ordinary 
tel^raph  wire  has  a  diameter  of  about  fifteen  one-hundredths  of  an 
inch;  it  is  often  struck  by  lightning,  yet  it  is  seldom  fused.  It  is 
probable  that,  although  a  light  iron  wire  may  be  melted,  it  will  have 
served  its  purpose  before  being  destroyed.  No.  3  wire  is  about  twice 
the  size  of  telegraph  wire  (No.  9).  So  large  a  wire  is  rarely,  if  ever, 
used  m  telegraph  circuits,  but  it  comes  into  use  on  high-power  elec- 
tric transmission  lines.  The  writer  does  not  know  of  a  case  wherein 
that  size  has  been  fused  by  a  lightning  discharge,  and  therefore  feels 
no  hesitancy  in  recoiomending  its  use  as  a  lightning  conductor  for 
isolated  farm  buildings  of  moderately  small  heights. 

There  are  other  forms  of  soft  iron  conductors  that  would  serve  as 
lightning  rods,  particularly  the  lighter  cables,  say  three-eighths  of 
an  inch  in  diameter.  This  form  of  conductor  has  the  advantage 
over  a  solid  conductor  of  the  same  size  in  that  it  is  more  easily  handled. 
It  can  be  bent  over  the  eaves  of  a  building  or  around  an  obstacle 
more  readily  than  the  solid  wire,  and  the  ends  admit  of  being  fuzzed 
out  like  a  broom.  The  additional  points  thus  gained  serve  a  useful 
purpose  on  the  upper  ends  of  the  terminals.  Soft  iron  wire  cable, 
double  galvanized,  is  not  so  easy  to  obtain  as  the  solid  wire,  and 
for  that  reason  preference  is  given  the  solid  wire. 
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The  T  connections  are  shown  in  figure  2.  They  should  be  galva- 
nized in  order  to  protect  them  from  the  corrosiTe  influences  of  the 
atmosphere. 

When  the  length  of  a  lightning  conductor  is  increased,  as  in  a 
building  of  greater  dimensions  than  shown  in  figure  1,  the  increased 
resistance  of  the  wire  is  equiratent  to  a  diminution  of  the  sectional 
area;  accordingly  a  lai^er  size  of  wire  should  be  used,  that  is  to  say, 
if  a  No.  4  wire  is  used  on  a  small  building,  No.  3  should  be  used  on 
a  larger  one. 

DIKBCTIONS  FOB  FUTTINO  UP  WIBES. 

The  conducting  system  is  composed  of  a  horizontal  wire  following 
the  ridge  of  the  roof  and  two  vertical  wires  connecting  with  the  ground 
on  both  sides  of  the  building. 


Fio. !.— Two  iTpea  ot  T  connections. 

The  wires  should  be  fastened  to  the  building  by  galvanized  iron 
staples  about  an  inch  long;  they  are  not  to  be  insulated  from  it  as 
was  once  the  practice.  Another  way  to  fasten  the  wire  to  the  build- 
ing is  by  means  of  small  wooden  blocks  and  screw  eyes.  Blocks 
1^  inches  thick,  2}  inches  wide,  and  4  inches  long  into  which  a  stout 
screw  eye  is  fastened  may  be  nailed  to  the  sides  and  roof  at  intervals 
of  10  feet  or  less.  The  wire  can  be  easily  passed  through  these  eyes 
from  the  ground  to  the  top  of  the  btiilding. 

The  vertical  wires  should  be  coimected  to  the  horizontal  wire  by 
galvanized  iron  tees  (fig.  2).  The  necessary  tees  should  be  slipped 
onto  the  horizontal  wire  and  placed  at  points  of  junction  with  the 
downward  directed  wires,  and  also  at  such  points  as  it  is  wished  to 
erect  short  terminal  rods  along  the  ridge  of  the  roof. 
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TSBUNALB. 

Three  terminals  are  shown  in  figure  1.  These  rods  need  not  be 
DQore  than  20  inches  long.  The  end  tenuinals  are  best  formed  by 
mftlring  a  right  angle  bend  in  the  wire  which  runs  along  the  ridge 
of  the  roof  at  a  distance  of  20  inches  from  the  reepective  ends.  The 
middle  terminal  is  merely  a  wire  20  inches  in  length  held  in  place 
by  a  T  connector.  The  terminals  are  short  and  offer  little  resist- 
ance to  the  wind;  they  are  kept  in  a  vertical  position  by  the  connec- 
tions between  the  ri<]^e  wire  and  the  wires  teading  to  the  ground. 

The  end  of  the  upper 
terminal  should  not  be 
left  blunt,  but  should  be 
filed  down  until  it  is  cone 
shaped.  Since  the  filing 
removes  the  galvanizing 

over  the  surface  of  the 

cone,  the  latter  should 

be  heavily  coated  with 

paint  to  preserve  it  from 

rust. 

In  general  a  terminal 

rod    should    he    erected 

every  18  or  20  feet  along 

the  ridge  of  the  roof. 

The  number  of  termi- 
nal wires  depends  on  the 

number  of  cupolas,  chim- 
neys,   or    other    salient 

points  on  the  roof  liable 

to  be  struck.    A  short 

terminal  wire  connected 

to  the    main    conducting         ^"^  3— showing  method  of  running  harlxanul  conducloi 
,  L       ij   L  around  «  Chimney  or  cupolt. 

Wire  by  a  tee  should  be 

erected  at  each  cupola  or  other  salient  point.  The  method  of  running 
the  horizontal  conductor  around  a  chimney  or  cupola  is  shown  in 
figure  3. 

BAHTH  CONHSCmONS. 

The  earth  connections  require  great  care  in  their  construction. 
The  essential  thing  is  to  reach  permanently  moist  earth  in  the  short- 
est distance  from  the  main  conductors.  The  building  shown  in 
figure  1  has  two  ground  connections,  one  on  each  side  of  the  build- 
ing. Two  kinds  of  ground  connections  are  suggested.  The  ground 
ends  of  the  vertical  conductors,  or  wires,  should  be  coiled  in  a  spiral 
having  a  diameter  of  about  a  foot.    These  spirals  should  be  buried 
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in  moist  earth  at  whatever  depth  the  latter  is  found.  If  then 
are  no  down  rain  spouts  on  the  building  the  ground  connectioii 
should  be  placed  in  the  line  of  the  drip  from  the  roof,  since  the  latter 
has  a  tendency  to  keep  the  earth  moist.  This  construction  has  the 
advantage  of  an  unbroken  run  of  wire  from  the  ground  to  the  roof 
of  the  building.  When  the  main  conductors  run  from  the  roof  of 
the  building  to  the  base  only  there  is  often  trouble  in  making  a  per- 
fect joint  between  them  and  the  materials  used  for  ground  wires. 
It  is  a  distinct  advantage  to  have  the  entire  system  of  one  and  the 
same  kind  of  conducting  material. 

The  second  suggestion  is  to  take  a  galvanized  water  pipe,  say  an 
inch  and  a  quarter  in  diameter,  and  drive  it  into  the  ground  mi  the 
foot  of  the  main  conductors.  Secure  a  cap  for  the  top  of  the  pipe 
and  bore  a  hole  through  it  so  that  the  conducting  wire  can  be  passed 
through;  then  insert  the  wire  into  the  iron  pipe,  fill  the  interstices 
with  powdered  charcoal,  and  place  the  cap  on  the  pipe.  The  hide 
in  the  cap  should  be  large  enough  to  permit  the  conducting  wire  to 
pass  easily  through  and  at  the  same  time  allow  water  to  pass  down 
the  wire  into  the  interior  of  the  pipe. 

The  number  of  groimd  connections  in  the  simple  case  considered 
in  figure  1  is  but  two,  one  on  each  side  of  the  building.  When  the 
size  of  the  building  is  increased,  more  vertical  wires  will  be  needed 
and  consequently  more  ground  connections.  The  number  of  such 
connections,  therefore,  will  depend  on  the  number  of  vertical  con- 
ductors. In  general,  it  is  advisable  to  run  a  vertical  conductor  up 
the  side  of  a  building  for  each  25  or  30  feet  of  its  length;  thus,  for 
example,  a  bam  56  feet  long  should  be  equipped  with  at  least  two 
vertical  conductors  on  opposite  sides  of  the  building. 

BTTILDINaS  WITH  KBTAIXIC  BOOF& 

A  metallic  roof  properly  connected  to  the  earth  affords  a  reason- 
ably good  protection  to  the  building  from  lightning.  In  suburban 
districts  where  frame  buildings  with  tin  roofs  prevail  there  is  little 
destruction  by  lightning;  most  of  the  buildings  have  down  rain 
spouts,  which  serve  to  conduct  the  discharge  to  the  earth.  In  the 
case  of  an  isolated  building  with  a  tin  roof  care  should  be  taken  to 
see  that  the  down  rain  spouts  are  connected  with  the  ground.  It 
will  not  do  to  stop  them  within  a  few  inches  of  the  ground;  there 
should  be  an  unbroken  metallic  path  from  the  ridge  of  the  roof  into 
the  groxmd. 

In  providing  a  ground  wire  to  connect  the  lower  end  of  a  rain 
spout  with  moist  earth,  a  wire  such  as  hereinbefore  described,  a  wire 
cable,  or  a  piece  of  galvanized  pipe  may  be  used.  The  vital  points 
of  the  connection  are  two;  first,  to  reach  permanently  moist  earth 
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and,  second;  to  secure  a  perfect  metallic  joint  between  the  down 
spout  and  the  earth  conductor.  If  a  wire  is  used  it  should  be  flat- 
tened out  at  the  end  in  the  form  of  a  tape  and  then  bolted  and  sol- 
dered to  the  rain  spout.  This  form  of  a  joint  is  not  very  durable, 
since  the  tin  is  apt  to  oxidize  unless  it  is  kept  well  painted. 

In  the  case  of  a  building  with  a  metal  roof,  but  no  down  spouts, 
it  is  desirable,  in  order  to  obtain  protection  from  lightning,  to  run 
a  wire  conductor  from  each  of  the  four  comers  of  the  roof  to  the 
earth.  The  precautions  described  in  the  preceding  paragraph  as 
to  making  good  metallic  joints  should  be  observed. 

The  foregoing  is  applicable  to  the  simplest  form  of  construction. 
As  the  size  of  the  building  to  be  wired  increases,  the  difficulties  in 
wiring  also  increase  somewhat.  The  longer  the  total  run  of  the  wire 
the  greater  becomes  the  electric  resistance;  to  offset  this  the  sectional 
area,  or  the  diameter  of  the  wire,  should  be  increased,  as  before 
stated. 

In  determining  the  size  of  the  wire  to  be  used  the  following  may 
be  helpful:  If  the  building  is  small,  such  as  shown  in  figure  1,  a  short 
run  of  wire  will  answer,  viz,  up  one  of  the  longer  sides  of  the  building, 
along  the  ridge  of  the  roof,  and  down  the  other  side.  In  this  case 
use  No.  4  wire.  The  size  of  the  wire  diminishes  as  the  numbers 
increase.  Thus  a  No.  3  wire  is  larger  than  a  No.  4,  their  respective 
diameters  (B.  &  S.  gauge)  being  as  follows:  No.  3,  0.244  inch;  No.  4, 
0.225  inch.  If  the  building  is  large  enough  to  require  two  vertical 
wires  on  each  side  of  the  building  and  a  wire  along  the  ridge  of  the 
roof,  it  would  be  advisable  to  use  No.  3  wire. 

All  objects  on  a  building  higher  than  the  ridge  of  the  roof  should 
be  protected  by  short  terminal  wires,  and  the  latter  should  be  joined 
to  the  main  conductor  provided  the  distance  is  not  over  10  or  15  feet. 
If  the  distance  is  greater  it  would  be  better  to  run  a  conductor  direct 
to  the  ground,  the  usual  precautions  as  to  reaching  permanently  moist 
earth  being  observed. 

The  form  of  wiring  when  passing  a  chimney  or  a  cupola  is  shown 
in  figure  3.  It  will  be  noticed  that  the  bend  in  the  wire  is  gradual, 
not  abrupt.  The  tenmnal  wire  for  the  chimney  should  be  erected 
at  the  point  shown  in  the  drawing.  Likewise  in  passing  over  the 
eaves  of  a  building  a  goose-neck  bend  is  preferred  to  a  sharp  one. 

If  the  overhang  of  the  roof  is  excessive,  a  hole  should  be  bored 
through  it  to  let  the  wire  pass  close  to  the  wall  of  the  building. 

The  following-named  points  not  specifically  mentioned  in  the  text 
should  be  observed: 

(1)  If  there  are  gas  pipes  in  the  building  keep  the  lightning  con- 
ductors away  from  them  as  far  as  possible.  On  the  contrary,  large 
masses  of  metal,  such  as  water  pipes,  should  be  connected  to  the 
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conductors.     The  water  pipes  should  be  in  good  connection  with,  the 
ground. 

(2)  Joints  should  be  held  together  mechanically  and  should   be 
frequently  examined  to  see  that  they  are  not  broken. 

PAINTINa. 

The  whole  system  should  receive  two  coats  of  aluminum  pitint; 
it  should  be  repainted  every  few  years. 
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"The  Eradication  of  Bindweed,  or  Wild  Morning-Glory,"  by  Mr. 
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Several  species  of  perennial  bindweed  have  more  or  less  weedy 
tendencies  and  in  some  sections  of  the  country  they  constitute  the  most 
serious  weed  pest  with  which  the  farmer  has  to  contend.  Mr.  Cox 
has  made  a  careful  study  of  these  species,  giving  special  attention  to 
their  root  habits,  and  has  found  three  practicable  methods,  which  are 
given  in  the  manuscript,  by  which  these  weeds  may  be  exterminated. 
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B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 
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THE  ERADICATION  OF  BINDWEED,  OR  WILD 

MORNING-GLORY. 


DTTBODTrCTION. 

The  terms  "  bindweed "  and  "  wild  morning-glory "  are  rather 
indiscriminately  applied  to  the  various  species  of  the  genus  of  plants 
known  by  botanists  as  Convolvulus  that  are  of  importance  as  weeds. 
In  certain  limited  sections  other  common  names  are  used  to  refer  to 
these  species,  such  as  gopher  vine,  pea  vine,  and  wild  sweet  potato. 
By  far  the  larger  number  of  these  plants  are  classified  under  the  two 
species  Convolvulus  sepium  and  C.  arvensiSj  the  former  a  native  of 
this  country  and  the  latter  an  introduction  from  Europe.  There  are  a 
few  other  species,  principally  Convolvulus  sepium  repens  and  C. 
calif omicus^  that  occur  as  weeds  in  certain  regions.  The  former  is  a 
variety  of  Convolvulus  sepium^  but  is  often  referred  to  as  C.  repent. 

In  many  parts  of  the  country  these  species  rank  among  the  worst 
of  all  the  weeds  that  trouble  the  farmer,  and  in  some  regions  they  are 
by  far  the  worst.  Being  perennials,  they  propagate  not  only  by  their 
seeds,  but  also  by  their  underground  parts.  It  is  the  latter  character 
especially  that  makes  them  such  formidable  enemies  to  the  tiller  of  the 
soil.  The  common  or  cultivated  morning-glory,  with  the  large  bell- 
shaped  flowers  of  various  colors,  is  sometimes  found  in  fields  where  it 
has  escaped  from  cultivation.  This  is  an  annual  not  difficult  to  con- 
trol and  should  not  be  mistaken  for  a  species  of  Convolvulus. 

IKJTTBIOTTS  EFFECTS  OF  BINDWEED. 

For  convenience  in  considering  the  injury  caused  by  bindweed,  the 
various  types  of  farming  may  be  divided  into  four  general  groups: 
(1)  The  growing  of  cultivated  crops,  which  includes  truck,  small 
fruits,  and  commercial  seeds;  (2)  small-grain  growing;  (3)  orchard- 
ing and  vineyardmg;  and  (4)  hay  growmg. 
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(1)  It  is  in  the  first  group  that  the  wild  morning-glory,  or  bind- 
weed, gives  the  most  trouble.  It  not  only  contends  with  the  crops 
mentioned  for  the  moisture  and  fertility  of  the  soil,  but  climbs  and 
twines  around  them,  dragging  them  to  the  ground.  Unless  thorough 
and  frequent  cultivation  is  given  from  the  first  the  bindweed  will  get 
such  a  start  that  subsequent  tillage  will  drag  down  much  of  the  top 
growth  of  the  crop.  Some  crops  will  grow  better  than  others  in  a 
bindweed  field.  Corn,  for  instance,  if  it  secures  a  good  start,  will 
make  a  fairly  good  growth  in  spite  of  the  weed.  But  such  low- 
growing  crops  as  potatoes,  strawberries,  and  onions  are  overpowered 
and  smothered  unless  most  persistent  cultivation  and  expensive  hand 
hoeing  are  pursued. 

It  is  impossible  to  eradicate  this  weed  in  cultivated  crops  with  the 
implements  commonly  used,  as  many  of  the  stems  slip  through  the 
teeth  or  shovels  without  being  much  disturbed.  In  fact,  anything 
short  of  good  cultivation  is  a  benefit  to  the  bindweed,  since  insufficient 
cultivation  merely  breaks  it  up  and  distributes  it  over  the  field.  After 
the  crop  is  laid  by,  the  weed  grows  undisturbed  and  often  becomes  a 
dense  mat  of  vines  on  land  that  had  been  given  fairly  good  cultivation 
earlier  in  the  season.  In  many  cases  this  weed  has  caused  a  discon- 
tinuance of  this  type  of  farming. 

(2)  As  a  rule,  bindweed  does  not  do  much  damage  to  small  grain. 
There  are,  however,  regions  especially  favorable  to  the  growth  of  thu? 
weed  where  these  crops  are  greatly  injured.  Besides  robbing  the  soil 
of  moisture,  this  weed  binds  and  drags  down  the  tops;  it  also  makes 
harvesting  difficult  by  clogging  the  knife  of  the  binder. 

The  time  of  sowing  has  much  to  do  with  the  amount  of  growth 
made  by  the  weed.  If  grain  is  sown  in  the  fall  or  early  spring"  it 
will  have  made  a  fair  growth  before  the  wild  morning-glory  gets 
under  way.  The  height  of  the  stand  is  also  a  factor,  as  a  tall  growth 
will  produce  a  greater  shading  effect  than  a  short  one.  In  western 
Kansas,  where  a  low-stemmed  type  of  wheat  is  grown,  the  bindweed 
has  worked  in  badly,  there  being  entire  quarter  sections  which  are 
thickly  set  with  it.  In  those  localities,  however,  where  small  grain 
occurs  in  a  short  rotation  with  well-cultivated  com  and  clover  the 
weed  does  not  do  much  damage  to  the  grain. 

(3)  In  orchard  and  vineyard  lands,  and  this  applies  especially  to 
those  of  the  West,  the  wild  morning-glory  is  of  still  less  consequence. 
The  use  of  the  weed  cutter  or  weed  knife  in  orchard  cultivation,  as  is 
the  common  practice  in  California,  has  greatly  lessened  the  weed 
problem.  Furthermore,  the  shading  effect  of  the  trees  does  much  to 
keep  the  weed  under  control. 

Those  ranchers  who  give  normal  cultivation  to  their  orchards  do 
not  worry  much  about  this  weed.    To  a  certain  extent  they  consider 
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it  an  advantage,  since  it  springs  up  after  cultivation  stops  and  makes 
a  good  winter  cover  crop.  But  in  cases  where  orchards  receive  insuf- 
ficient cultivation  the  weed  is  a  more  or  less  serious  injury  to  the 
trees,  especially  to  young  trees.  Bindweed  is  a  greater  nuisance  in 
vineyards  than  in  orchards  on  account  of  the  lack  of  shade  and  the 
greater  difficulty  in  the  use  of  the  weed  knife. 

(4)  The  presence  of  wild  morning-glory  vines,  although  it  injures 
the  market  value  of  hay,  probably  does  not  materially  affect  its  feed- 
ing value.  In  the  case  of  alfalfa,  clover,  cowpeas,  and  other  hay  crops 
that  produce  a  shading  effect,  the  bindweed  is  a  negligible  factor. 

DISTSIBTrTIOH. 

Bindweed  is  found  in  most  sections  of  the  United  States  and  south- 
em  Canada.  Although  it  sometimes  occurs  on  upland  soils,  it  is 
found  more  often  on  deep  bottom  lands  and  on  rich  prairie  soils.  The 
weed  is  therefore  at  its  worst  on  the  most  productive  and  most  valu- 
able land.  It  grows  on  the  valley  lands  of  New  England,  the  Middle 
Atlantic  States,  and  to  a  lesser  extent  in  the  Southern  States;  also,  in 
the  entire  area  of  the  Com  Belt  and  on  the  valley  lands  of  the  West. 
East  of  the  one  hundredth  meridian  the  native  hedge  bindweed  is 
the  most  common  species,  although  the  field  bindweed  is  also  widely 
scattered.  West  of  that  point  the  field  bindweed  is  probably  the  most 
common  species,  the  hedge  bindweed  occurring  to  some  extent  in 
California.  The  trailing  form  with  downy  leaves  {Convolvulus  se- 
pium  repens)  has  been  reported  as  a  weed  from  central-western  Kan- 
sas only,  in  which  locality  it  has  become  a  most  serious  menace  to  the 
wheat  growers.  The  fourth  species  of  importance  as  a  weed  is  the 
California  form  {Convolvulus  calif omicus) ^  which  occurs  only  in 
central-western  California,  for  the  most  part  on  hill  lands. 

Although  bindweed  usually  occurs  distributed  generally  over  the 
land,  it  is  sometimes  confined  to  well-defined  patches.  It  is  not  an 
uncommon  sight  to  see  one  or  more  of  these  patches  in  a  field,  each 
of  a  more  orless  circular  outline,  indicating  that  the  weed  is  spread- 
ing by  its  underground  growth  from  a  central  point  of  infection. 
Where  the  land  has  been  infested  for  some  time  and  careless  culti- 
vation has  been  given,  the  weed  becomes  scattered  over  the  land. 

Another  interesting  point  which  has  been  disclosed  by  a  study  of 
this  weed  under  field  conditions  is  that  the  underground  parts  rarely 
penetrate  the  subsoil.  This  depends,  however,  somewhat  on  its 
character,  since  a  subsoil  that  resembles  the  surface  soil  in  texture 
and  fertility  admits  the  roots  and  rootstocks  to  a  certain  extent.  In 
all  cases  where  the  subsoil  is  of  an  impervious  or  clayey  nature  the 
underground  parts  of  the  plant  are  confined  to  the  soil  stratum  en- 
sea 
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tirely.     Figure  1  represents  the  rootstocks  going  no  deeper  thsn  6 
inches  in  a  clay  soil  of  medium  depth  on  the  Arlington  Experimental 


Fio,  1. — RooUlocks  ot  bindweed  stowIdk  sballowl;  in  K  clay  boU  o(  medium  depth. 

Farm  of  tlie  Department  of  Agriculture.     The  bottom  of  the  drawing 
marks  approximately  the  subsoil  line. 

DE3CKIFTI0H. 
CHABACTEBS  OP  THE  WEED  ABOVE  OBOmm. 

Conoolvulus  aepium  L.  (fig.  2)  has  a  long,  twining  stem,  with 
triangular,  halberd -shaped  leaves,  that  is,  arrow  shaped,  with  the 
basal  lobes  pointing  outward.  The  flowers  are  funnelform,  with 
much  the  same  appearance  as  those  of  the  cultivated  morning-glory, 
but  are  always  white  or  rose  colored.  The  base  of  the  flower  is  in- 
closed in  bracts  about  three- fourths  inch  in  length.  The  most  widely 
accepted  common  name  for  this  plant  is  "hedge  bindweed.^' 

The  stem  of  Convolvulus  arvensis  L.  (fig.  3)  is  either  trailing  or 
twining  and  the  leaves  are  somewhat  egg  shaped,  with  the  lobes  at 
the  bases  pointed  and  projecting.  The  flowers  are  funnelform,  white 
or  tinged  with  red,  but  are  not  nearly  as  large  as  those  of  Convolvulus 
septum.  The  bracts  surrounding  the  base  of  the  flowers  are  snaall. 
The  common  name  of  widest  acceptation  is  "  field  bindweed." 

Convolvulus  sepiutn.  repens  Gray  is  much  like  the  hedge  bind- 
weed except  that  the  stem  and  leaves  are  more  or  less  downy,  and 
the  stems  are  trailing  rather  than  twining. 

The  California  form  of  bindweed  {Convolvulus  califomieut 
Choisy)  has  stems  from  1  to  15  inches  in  length.     When  short  they 
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are  erect ;  when  long,  trailing.  The  leaves  vary  from  oval  to  triangu- 
lar in  outline  and  are  about  an  inch  long.  The  bracts  are  of  medium 
size  and  the  flowers  are  of  about  the  same  size  and  shape  as  those 
of  the  hedge  bindweed,  white  or  creamy,  with  purplish  exterior. 

UNDEBOBOUHS  CHARACTFEBS  OF  THE  WEED. 
A  study  of  the  eradication  of  any  perennial  weed  should  begin  with 

a  consideration  of  its  imderground  parts.    When  the  character  of  its 

underground  growth  is 

determined      the     next 

step     is    to    devise    a 

method   of   eradication 

based  on  its  habits.    The 

underground    parts    of 

the  various  species  of 

Convolvulus  are  divided 

into  two  groups,  which 

are    illustrated   by  the 

hedge  bindweed  on  the 

one  hand  and  by   the 

field     variety     on     the 

other. 

The  hedge  bindweed 

may  start  growth  in  the 

spring    from    near   the 

top    of    the    rootstock 

sent  to  the  surface  dur- 
ing the  preceding  year, 

or  the  top  growth  may 

come     from    any    part 

of  the  preceding  year's 

underground       growth. 

This  underground  stem 

irams  buds,  from  which 

new     rootstocks    grow. 

Furthermore,  new  root- 
stocks  may  grow  from 
any  of  the  buds  along  the  old  rootstock.  Figure  4  sliows  new  root- 
stocks  put  forth  from  both  the  new  underground  stem  or  shoot  and  the 
old  rootstock.  This  fact  indicates  that  an  individual  rootstock  or 
piece  of  a  rootstock  may  retain  its  vitality  for  two  or  more  years  if 
left  undisturbed. 

The  field  bindweed  is  propagated  by  roots  instead  of  rootstocks. 
Iliese  roots  extend  in  a  more  or  less  horizontal  direction  from  several 
Inches  to  several  feet  below  the  surface.    At  any  point  along  the  root 
8B9»»-Boll.  368—09 2 
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an  adventitious  bud  may  form,  from  which  a  branch  root  grows  or  a 
root  shoot  is  sent  to  the  surface.  These  root  shoots  form  buds,  fran 
which  other  root  shoots  grow  to  the  surface,  thus  giving  the  impres- 
sion that  the  plant  propagates  by  rootstocks. 

UETHODS  OF  EBASICATION. 

From  the  facts  stated  it  is  evident  that  the  only  successful  m^ods 
for  the  eradication  of  bindweed  must  be  based  on  the  suppression  of 
all  top  growth,  m  orcTer  to  starve  out  the  underground  parts,  except, 
of  course,  those  methods, 
at  present  of  little  value, 
which     have     for     their 
object  the  direct  killing 
of  the  roots  or  rootstocks 
by     the     application     of 
cliemicals.    A  great  many 
farmers  are  looking  for 
some  easy  method  of  kill- 
ing the  bindweed,  and  in 
the  mean  time  are  letting 
it  cover  the  fields  and  fes- 
toon the  trees  of  the  or- 
'  chard.    They  are  looking 
for  some  magic  "  remedy" 
that  will  completely  erad- 
icate   the    weed    with    » 
small  amount  of  exertion 
on  their  part    It  must  be 
understood    that   such    a 
formidable  enemy  as  this 
weed     requires     heroic 
Pia.  3.— ur«ncL  with  flowcca  oi  field  bindweed  {Con-  treatment.     Other   farm- 
to  vuiua  aTventit).  ^^  \iave  gone  at  the  prob- 
lem heedlessly,  as  in  the  case  of  a  man  who  followed  the  root  of  a 
plant  to  the  depth  of  i  feet  and  then  applied  a  large  quantity  of  salt 
in  the  hole. 

Various  methods  have  been  tried  to  keep  down  the  top  growth,  and 
hence  starve  out  the  underground  parts.  There  are  three  methods 
that  have  given  satisfactory  results,  namely,  clean  cultivation,  alfalfa 
growing,  and  hog  pasturing.  There  are  other  methods  that  have  be^ 
tried,  but  not  with  a  large  measure  of  success.  These  include  the 
placing  of  building  paper,  beet  pulp,  apple  pomace,  straw,  or  manare 
on  the  ground  to  smother  the  weed  growth,  and  also  the  application 
of  chemicals.  Conditions  in  irrigated  regions  are  complicated  by  the 
S96 
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fact  that  bindweed  is  often  allowed  to  grow  along  irrigation  ditches, 
the  water  in  which  distributes  the  seed.  The  water  of  streams,  espe- 
cially at  flood  times,  is  also  a  factor  in  distributing  the  seeds  and 
roots  to  other  land. 

CLEAlf  CUXTIVATIOII. 

Bindweed  can  he  eradicated  by  clean  cultiTati<Hi  if  thorough  and 
persistent.  The  case  requires  going  over  the  land  once  every  week 
or  ten  days  during  the  entire  growing  season  of  the  weed,  which  is 


Via.  *. — Umtergronnd  iiarU  of  hodge  bindweed.  The  pii-TO  ot  rootslock  a.  b,  c.  U  o(  a 
preceding  gear's  gniwtb.  TUi;  hIviu  c,  /,  logi-HnT  with  Ihe  ruulHiin-liM  [rum  It  and  the 
scctloo  b,  d,  are  of  the  present  BeBBOD'a  growlh.  Drawlns  made  from  photoKraph  taken 
la  October. 

between  the  spring  and  fall  frosts.  Two  years  of  this  treatment  will 
accomplish  the  result  in  most  cases,  and  it  is  probable  that  one  year 
will  suffice  where  the  plant  docs  not  root  deeply.  The  difficulty  is 
that  many  fanners  will  not  cultivate  as  thoroughly  as  is  necessary. 
Even  a  small  top  growth  is  enough  to  form  some  new  underground 
gro'wth  and  rejuvenate  the  old  roots  or  rootstocks,  thereby  carrying 
the  plant  over  to  the  next  season.  Cultivation  has  the  further  ad- 
vantage of  inducing  a  rapid  germination  of  all  seeds  of  th(i  weed 
wluch  are  in  the  soil,  the  young  seedlings  being  promptly  destroyed 
by  the  subsequent  tillage. 
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Conditions  in  orchard  lands  are  such  as  to  oiFer  a  favorable  op- 
portunity to  get  rid  of  this  weed  or  at  least  to  so  reduce  it  that  it 
does  not  do  much  damage.  Many  California  orchardists  use  a  type 
of  implement  that  has  been  found  to  be  very  successful  in  the  control 
of  weeds — the  weed  knife.  This  is  made  in  various  patterns,  the 
principal  feature  being  a  knife  which  is  run  under  the  surface  of 
the  soil  at  a  depth  of  from  3  to  6  inches,  thereby  cutting  off  the  tops 
of  all  weeds.  Fortunately,  the  underground  parts  of  the  bindweed 
are  quite  fragile,  and  hence  this  implement  does  very  effective  work 
against  this  weed.  Most  of  these  weed  knives  are  attached  to  a  rig 
somewhat  similar  to  the  2-horse  corn  worker.  The  knives  are  of 
two  different  kinds  for  the  most  part,  the  straight  blade  and  tbe 
V-shaped  blade.     The  latter  seems  to  be  the  most  satisfactory,  since 


in  soils  in  which  a  sod  or  a  cover  crop  has  been  plowed  under  the 
straight  blade  is  apt  to  clog.  These  knives  make  cuts  of  different 
widths,  varying  from  3  to  6  feet  In  soils  that  are  cloddy  or  of  a 
rather  stiff  nature  it  is  necessary  to  attach  a  sharp  beak,  pointing 
downward,  at  the  angle  of  the  V,  so  that  the  knife  will  not  be  forced 
upward.  Figure  5  shows  such  an  implement  which  has  proved  quite 
satisfactory. 

Another  implement,  shown  in  figure  6,  is  beginning  to  be  used. 
It  consists  of  a  beam  resting  on  the  ground,  varying  in  width  from 
8  to  12  feet,  with  a  series  of  knives  below,  all  inclined  inward.  Its 
draft  is  light,  it  makes  a  wide  cut,  it  can  be  worked  close  to  the  trees, 
and  is  comparatively  inexpensive.  It  is  rather  difficult  to  use,  how- 
ever, in  cloddy  soils. 
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It  is  possible,  of  course,  to  eradicate  the  bindweed  in  bare  fallow 
land  by  the  use  of  the  implements  mentioned  or  the  disk  if  the 
farmer  is  willing  to  do  this  for  a  year  or  more  without  any  return. 
It  is  also  practicable  to  give  sufficient  cultivation  with  an  intertilled 
crop  to  get  rid  of  the  weed.  It  is  necessary  in  that  case  to  supple- 
ment the  cultivator  with  the  hoe  after  the  crop  is  laid  by.  This  is 
rather  tedious,  but  it  would  pay  in  many  cases.  Such  implements 
as  the  "  heel "  scrape  of  the  South  or  the  "  gopher  "  cutter  of  the 
Com  Belt  are  the  best  to  use  in  the  cultivation  of  the  crop.  These 
perfonn  about  the  same  function  as  the  weed  knife  in  cutting  ofT  the 
tops  of  the  weeds. 

As  a  variation  of  this  plan  it  might  be  best  to  fallow  during  the 
first  part  of  the  season^  using  an  implement  that  would  keep  down 
the  top  growth  of  the  bindweed ;  then  in  July  or  August  to  plant  a 


Kta.   6. — A  wcand  type  of  wrri  c 

late  intertilled  crop,  such  as  rape,  sorghum,  or  Kafir  corn.  This 
would  carry  the  cultivation  until  late  in  the  season.  If  rape  were 
planted  and  hogs  turned  on  after  laying  by  they  would  do  much 
toward  killing  the  weed.     The  bindweed  ceases  to  grow  after  frost. 

Another  plan  that  has  been  successfully  employed  in  California 
is  to  alternate  fallow  with  a  smothering  crop.  Such  a  crop  is  sown 
in  the  fall  or  early  winter,  so  that  by  the  time  the  weed  begins  its 
growth  in  the  spring  the  crop  has  made  enough  headway  to  shade 
the  land  and  exert  a  smothering  effect  on  the  weed.  As  soon  as  the 
crop  is  off  in  early  summer  the  land  is  plowed  and  fallowed  the 
rest  of  the  season.  A  repetition  of  this  plan  for  several  years  will 
greatly  reduce  the  weed  growth,  although  no  cases  have  been  found 
in  which  it  has  been  entirely  eradicated.  Such  crops  as  peas  or 
liorse  beans  are  adapted  to  this  scheme,  and  in  the  seed-growing  dis- 
tiricts  sweet  peas  or  mustard. 
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It  is  important  to  note  that  where  the  bindweed  occurs  in  patches 
these  should  be  marked  off  and  given  special  attention.  It  is  much 
cheaper  to  cultivate  thoroughly  a  part  of  the  field  than  the  whok 
field.  Clean  cultivation  is  the  most  available  method  of  eradicating 
the  bindweed  in  many  cases,  and  if  entered  into  with  a  full  knowl- 
edge of  conditions  it  can  be  done  with  less  labor  and  expense  than 
is  commonly  supposed. 

GBOWIKa  ALFALTA  HAT. 

Numerous  cases  have  been  found  in  which  bindweed  was  greatly 
lessened  or  entirely  eliminated  by  seeding  an  infested  field  to  alfalfa 
for  hay.  This  is  effected  by  two  factors,  nanjely,  the  frequent  cutting 
and  the  smothering  effect  of  the  crop.  The  frequent  cutting  serves 
about  the  same  purpose  as  clean  cultivation  in  keeping  down  the  top 
growth  of  the  weed  and  hence  starving  the  underground  parts. 
After  each  cutting  alfalfa  makes  a  rapid  growth,  more  rapid  than 
the  weed,  which  is  thereby  shaded.  After  the  first  year  of  alfalfa, 
bindweed  is  usually  found  to  be  making  only  a  small  growth,  with 
stems  but  a  few  inches  long  and  leaves  of  miniature  proportions. 
This  method  is  most  effective  where  the  cuttings  are  made  as  fre- 
quently as  possible  and  where  a  thick,  vigorous  stand  of  alfalfa  is 
secured.  An  interesting  case  was  brought  to  notice  in  the  Muskin- 
gum bottom  land  near  Marietta,  Ohio.  Two  adjoining  fields,  both 
thickly  set  with  bindweed,  were  seeded  the  same  season,  one  to  timo- 
thy and  the  other  to  alfalfa.  After  several  years  both  fields  were 
plowed  and  the  whole  planted  tp  corn.  It  was  very  apparent  where 
the  alfalfa  had  been  by  the  absence  of  bindweed,  while  the  oth^ 
piece  of  land  still  contained  the  weed. 

Alfalfa  growing  as  a  method  of  bindweed  eradication  is  applicable, 
of  course,  only  where  it  is  possible  and  desirable  to  grow  alfal^ 
But  where  conditions  are  favorable  there  is  little  doubt  that  two  or 
three  years  of  alfalfa  will  greatly  reduce  or  sometimes  entirely 
destroy  the  weed  in  the  most  thickly  infested  fields.  By  following 
this  crop  with  a  cultivated  crop  and  carefully  keeping  down  the  weed 
growth  that  still  persists  the  land  can  be  finally  cleaned. 

PASTUBINO  WITH  HOGS. 

Hog  pasturing  as  a  method  of  eradicating  bindweed  is  based  on  the 
fact  that  hogs  are  very  fond  of  the  roots  and  rootstocks  of  this 
plant,  which  taste  much  like  the  sweet  potato.  Hence,  if  hogs  do  not 
have  their  noses  rung  or  slit  they  will  root  to  a  considerable  depth  to 
obtain  the  underground  parts.  It  is  common  to  see  hog  pastures 
which  have  contained  bindweed  with  the  surfaces  torn  up  and  rough, 
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showing  where  the  hogs  have  been  at  work,  even  though  there  is  an 
abundance  of  forage  for  them.  It  is  the  universal  testimony  of  the 
best  farmers  that  pasturing  with  hogs  will  reduce  the  prevalence  of 
the  weed,  although  but  few  have  given  the  plan  a  thorough  trial. 
This  method  can  be  employed  in  two  ways:  (1)  By  turning  the  hogs 
on  ordinary  pasture  and  (2)  by  plowing  the  land  and  then  turning 
on  the  hogs. 

The  first  way  probably  requires  a  longer  time  to  accomplish  the 
result  than  the  second.  Hogs  not  only  eat  the  tops  closely,  but  they 
also  root  for  the  underground  parts  in  pasture  land.  Mr.  George 
Wiggins,  of  Lodge,  111.,  has  practiced  this  method  for  a  number  of 
years  with  success.  He  leaves  the  land  in  pasture  for  about  three 
years,  with  a  sufficient  number  of  hogs  on  it  to  keep  it  closely  pas- 
tured. In  the  summer  of  1908  he  showed  the  writer  a  field  of  corn 
which  had  been  in  com  and  oats  for  the  past  three  years,  previous  to 
which  it  had  been  in  hog  pasture  for  three  years.  Before  the  pas- 
turing began  it  was  full  of  bindweed,  but  there  is  none  to  be  seen 
now.  This  field  contains  30  acres  and  carried  about  100  hogs,  most 
of  them  of  the  spring  brood.  Adjoining  this  field  was  another  field 
of  com,  which  had  been  in  hog  pasture  the  preceding  three  years. 
Before  pasturing  there  had  been  a  great  deal  of  bindweed  in  this 
field,  but  there  is  none  at  present.  Another  field  of  14  acres  in  clover 
pasture  for  the  first  year  was  being  run  with  60  hogs.  There  was 
bindweed  scattered  all  over  it,  but  it  was  making  a  poor  growth  and 
was  being  rooted  out.  In  breaking  a  pasture  Mr.  Wiggins  plows  in 
the  fall,  leaving  the  hogs  to  root  for  all  they  can  get  in  the  plowed 
land.  In  the  spring  he  plows  again  and  plants  com.  He  does  not 
ring  his  hogs,  of  course.  Many  other  farmers  have  noticed  that 
running  hogs  on  grass  pasture  greatly  diminishes  the  quantity  of 
the  weed. 

With  the  second  plan,  the  land  is  first  plowed.  This  accomplishes 
several  purposes ;  it  loosens  the  soil  so  that  hogs  can  root  more  easily ; 
it  turns  under  all  other  vegetation,  thereby  limiting  the  hogs  to  the 
bindweed  only ;  and  it  turns  many  of  the  roots  and  rootstocks  to  the 
surface,  where  the  hogs  can  see  them  and  get  them  to  better  advan- 
tage. It  is  often  best  to  plow  the  infested  land  more  than  once  dur- 
ing  the  season.  Only  a  small  quantity  of  feed  should  be  given  the 
hogs  in  order  that  they  may  be  forced  to  devote  their  attention  to  the 
bindweed.  Although  hogs  may  not  make  quite  as  good  gains  on  this 
diet  as  on  others,  many  farmers  have  reported  that  their  hogs  have 
done  very  well  under  such  treatment.  It  is  a  good  plan  to  have  more 
Logs  than  are  necessary  to  keep  down  the  bindweed  growth  and  to 
move  them  to  other  pastures  at  times. 
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A  typical  case  of  the  employment  of  this  method  of  eradication  is 
that  of  Mr.  Price  N.  Jones,  of  Towanda,  HI.  Mr.  Jones  had  a  small 
patch  of  about  a  quarter  of  an  acre  of  blackberries  in  which  the 
bindweed  became  so  thick  that  the  bushes  ceased  to  make  much 
growth.  He  cut  them  down  in  September  and  plowed  the  land  soon 
afterwards.  The  fence  was  then  opened  to  admit  some  15  hogs  from 
an  adjoining  grass  lot  of  3  acres.  The  hogs  were  not  on  a  full  feed 
of  corn  and  at  once  began  rooting  vigorously  at  the  bindweed.  Dur- 
ing the  fall,  winter,  and  spring  they  rooted  the  field  over  thoroogfaly, 
and  practically  no  bindweed  has  come  up  since. 

The  use  of  this  method  means  that  the  land  must  be  given  up  to 
this  treatment  for  at  least  a  year.  Just  how  long  it  requires  to  com- 
pletely eradicate  the  weed  it  is  difficult  to  say,  since  it  depends  upoa 
conditions,  especially  on  how  deep  the  underground  parts  go.  Where 
the  weed  does  not  root  deeply,  a  year  is  probably  enough.  Where  it 
does  root  deeply,  two  years  might  be  required.  It  is  best  to  put  the 
land  to  a  cultivated  crop  following  hog  pasturing  in  order  to  kiU  the 
scattering  growth  that  may  persist. 

As  a  suggestion,  this  method  of  hog  pasturing  might  be  used  for 
short  periods  in  a  regular  rotation  without  interfering  in  any  way 
with  the  rotation.  For  instance,  Mr.  Jones  turned  hogs  on  oats 
stubble  one  summer,  the  field  being  seeded  to  clover,  the  hogs  being 
kept  on  during  the  fall  and  winter  and  rooting  up  the  soil  a  good 
deal,  but  not  enough  to  damage  the  clover  seriously.  He  plowed  this 
field  the  following  fall  and  put  the  hogs  on  again  till  spring,  and 
then  planted  com.  He  states  that  the  bindweed  is  very  materially 
reduced. 

There  are  certain  features  about  hog  pasturing  that  limit  its  use 
as  a  means  of  weed  control.  The  water  supply  is  one  of  them.  It 
is,  of  course,  much  more  convenient  to  have  water  in  the  field  than 
to  transport  it.  Most  farmers  have  their  hog  lots  close  to  the  farm 
buildings,  which  is  more  convenient  than  having  them  at  a  distance. 
Again,  it  is  necessary  to  make  the  fences  "hog  tight,"  if  they  are 
not  already  so,  which  involves  labor  and  expense.  This,  however, 
may  be  done  cheaply  by  putting  up  a  temporary  hog  fence,  which, 
after  the  hogs  are  taken  off,  is  to  be  removed  and  used  again.  It  is 
therefore  difficult  to  say  whether  or  not  a  particular  farmer  should 
use  hog  pasturing  as  a  means  of  exterminating  the  bindweed.  If 
it  fits  into  his  scheme  of  farming  and  the  difficulties  are  not  too  great, 
it  would  be  well  to  employ  it.  Each  case  is  a  problem  in  itself. 
Where  the  conditions  are  favorable  hogs  are  likely  to  prove  a  most 
effective  means  of  getting  rid  of  this  weed. 
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OTHEB  METHODS  OF  ERADICATION. 

Fastttring  with  sheep. — Pasturing  with  sheep  has  been  reported  to 
have  killed  the  bindweed,  but  the  evidence  on  this  point  is  meager. 
It  is  possible  that  if  a  grass  pasture  is  run  with  a  suflScient  number 
of  sheep  for  a  long  enough  time  the  weed  will  disappear.  Grass  can 
stand  close  pasturing  better  than  most  weeds,  if  they  are  grazed 
equally  close,  but  it  remains  to  be  demonstrated  whether  or  not  this 
plan  will  completely  eradicate  the  bindweed,  and,  if  so,  how  many 
years  it  will  require.  In  parts  of  the  far  West,  where  grass  becomes 
brown  and  dry  during  the  summer  season,  sheep  are  reported  to  have 
killed  the  weed,  for  the  reason  that  it  is  often  the  only  vegetation  that 
remains  green  in  the  pasture  at  that  season.  There  is  no  doubt,  how- 
ever, that  sheep  are  of  assistance  to  hogs  in  pasturing  for  the  eradi- 
cation of  bindweed.  They  eat  the  tops  close  to  the  ground,  which 
checks  the  growth  of  the  weed. 

Use  of  smothering  crops. — ^By  smothering  crops  are  meant  those 
crops,  other  than  alfalfa,  that  exert  a  shading  effect  on  weed  growth, 
such  as  cowpeas,  soy  beans,  millet,  sorghum,  and  buckwheat.  No 
extensive  trials  of  these  crops  as  a  means  of  controlling  the  bind- 
weed have  been  made,  so  it  is  impossible  to  define  at  the  present  time 
their  adaptability  for  this  purpose.  With  a  continuous  succession  of 
such  crops,  and  when  thick  stands  are  secured,  it  is  probable  that  in 
time  the  weeds  would  be  much  reduced.  At  best,  however,  these 
crops  are  hardly  as  effective  as  alfalfa. 

Use  of  artificial  smothering  material. — Building  paper,  manure,  beet 
pulp,  apple  pomace,  straw,  and  other  litter  have  been  much  used  in 
the   attempt  to  smother  out  bindweed  growing  in  patches.     It  ia 
necessary  to  apply  such  material,  except  building  paper,  quite  thickly 
on  the  ground  to  prevent  the  weed  from  pushing  through,  as  it  has 
been  known  to  go  through  a  thickness  of  2  feet.    This  method  is 
therefore  rather  expensive  and  is  not  applicable  to  any  but  small 
areas.    Indeed  in  most  cases  it  is  misdirected  energy,  which  could 
be  employed  more  profitably  in  some  other  direction.    The  use  of 
building  paper  has  been  tried  with  some  success  on  small  areas 
where  the  laps  were  carefully  weighted  down  with  soil  to  exclude 
all  light.     Such  paper  can  be  purchased  at  from  $2.25  to  $4  per 
1 ,000  square  feet,  depending  on  the  thickness  of  the  ply,  which  is  at 
the   rate  of  $97  to  $172  per  acre.    This  cost  makes  the  method 
impracticable  except  for  very  small  areas.    The  thin^  ply  would  be 
about  as  satisfactory  as  the  thick.    If  the  bindweed  were  inclined  to 
grow  through  at  the  laps  it  would  be  necessary  to  lay  another  thick- 
ness of  the  paper,  the  laps  running  at  an  angle  to  those  underneath. 
The  paper  would  probably  have  to  be  renewed  each  season,  and  it 
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would  take  as  long  to  subdue  the  weed  as  it  would  by  means  of  clean 
cultivation. 

TTse  of  ohemioals. — Many  farmers  have  applied  salt,  kerosene,  lime, 
and  other  substances  for  the  purpose  of  killing  the  underground 
parts  of  the  bindweed.  One  difficulty  with  this  method  is  th^t  on 
account  of  the  habits  of  the  roots  and  rootstocks  of  bindweed  sudi 
applications  must  be  spread  all  over  the  infested  area,  which  makes 
the  cost  so  high  that  these  materials  can  be  used  profitably  in  only  a 
limited  number  of  cases.  Another  difficulty  is  that  a  quantity  suffi- 
cient to  kill  the  weeds  will  also  injure  the  land  to  such  an  extent  that 
no  crops  can  be  grown  for  several  years  subsequently.  Crude  salt  is 
probably  the  cheapest  material  for  the  purpose. 

Tests  have  been  made  by  agricultural  experiment  stations  and 
farmers  to  kill  bindweed  by  repeated  applications  of  salt,  iron  sul- 
phate, arsenite  of  soda,  and  other  chemicals  in  solution  as  sprays. 
Such  experiments  have  failed  to  show  that  this  method  is  of  any 
value.  Although  the  tops  are  killed  to  the  ground  new  plants  imme- 
diately spring  up.  The  sprayings  must  be  given  once  every  few 
days  during  the  growing  season  for  at  least  two  years  before  the 
weed  finally  ceases  to  grow.  The  result  cfln  undoubtedly  be  accom- 
plished in  less  time  and  with  less  expense  by  some  other  method. 

SXTHHABY. 

(1)  The  names  bindweed  and  wUd  morning-glory  refer  to  the 
several  species  of  the  genus  of  plants  known  as  Convolvulus  that  are 
considered  weeds,  including  primarily  hedge  bindweed  {Convolvidus 
sepium)  and  field  bindweed  (C.  arvensis)^  two  other  species,  Con- 
volvulus sepium  repens  and  C.  califomicms^  being  of  secondary  im- 
portance. 

(2)  These  weeds  are  a  very  serious  detriment  to  the  growing  of 
crops  in  many  regions.  They  are  especially  important  in  cultivated 
crops,  are  sometimes  of  a  serious  nature  in  small  grain  and  orchards, 
but  do  no  serious  damage  to  forage  crops. 

(3)  Bindweed  usually  occurs  on  bottom  lands  and  rich  prairie 
soils.  It  is  sometimes  found  growing  in  patches,  but  it  is  more  com- 
mon to  find  it  distributed  more  or  less  generally  over  the  field.  Its 
depth  of  rooting  is  governed  largely  by  the  nature  of  the  soil. 

(4)  The  underground  parts  are  of  two  forms,  exemplified  by  hedge 
bindweed  and  field  bindweed;  the  first  is  propagated  by  rootstocks 
and  the  second  by  roots.  The  nature  of  the  underground  parts  of 
both  of  these  forms  indicates  that  the  top  growth  must  be  kept  down, 
thereby  starving  out  the  roots  and  rootstocks,  in  order  to  eradicate 
the  weed. 
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(5)  Several  methods  for  accomplishing  this  eradication  have  been 
successful.  Clean  cultivation  is  one  of  the  best  in  many  cases.  It  is 
essential  to  employ  such  implements  as  will  keep  down  the  top  growth 
successfully.  Where  the  weed  occurs  in  patches  these  should  be 
marked  off  and  given  special  attention. 

(6)  The  bindweed  may  be  greatly  reduced  or  entirely  destroyed 
bj  seeding  the  land  to  alfalfa.  The  frequent  cutting  and  the  shad- 
ing effect  of  this  crop  are  the  determining  factors.  Alfalfa  should 
be  followed  by  a  cultivated  crop  to  complete  the  work  of  destruction. 

(7)  Pasturing  with  hogs  has  been  successful  in  killing  bindweed, 
since  hogs  are  quite  fond  of  the  underground  parts.  This  method 
can  be  used  with  both  ordinary  pasture  and  fallow  land.  Results 
can  probably  be  obtained  in  less  time  in  the  latter  case. 

(8)  Several  other  methods  have  been  tried,  but  they  are  for  the 
most  part  of  doubtful  value.  The  use  of  chemicals  has  not  been  at- 
tended with  much  success  in  the  control  of  this  weed. 
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HOW  TO  DESTROY  RATS. 


DTCSOSUCnOH. 

The  brown  or  Norway  rat  {Mus  norvegicus)  is  the  worst  mammal 
pest  in  the  United  States,  the  losses  from  its  depredations  amounting 
to  many  millions  of  dollars  yearly — to  more,  probably,  than  the 
losses  from  all  other  injurious  mammals  combined."  In  addition  to 
its  destructive  habits,  this  rat  is  now  known  to  be  an  active  agent  in 
disseminating  infectious  diseases,  a  fact  which  renders  measures  for 
its  destruction  doubly  important. 


Introduced  into  America  about  1775,  the  brown  rat  has  supplanted 
and  nearly  exterminated  its  less  robust  relative,  the  black  rat,  and 
despite  the  incessant  warfare  of  man  has  extended  its  range  and 
steadily  increased  in  numbers.  Its  dominance  is  due  to  its  great 
fecundity  and  its  ability  to  adapt  itself  to  all  sorts  of  conditions.     It 

"  Several  siiecles  ot  rats  are  known  as  bouse  rats.  Including  tbe  black  rat 
(  J/U8  rattut),  the  roof  rat  (Mu»  alexandrinu*),  and  tbe  brown  rat  (Mut  iiorve- 
gicus).  Of  tbese,  tbe  last  Is  the  commonest  and  moat  widespread  In  tbls  coun- 
try. Not  one  of  tbese  species  is  a  native,  but  all  were  Imported  from  the  Old 
World.  As  tbeir  bablts  In  general  are  similar,  tbe  InetnictlonB  glvoi  In  tbe 
bulletin  apply  alike  to  alL 
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breeds  three,  four,  or  even  more,  times  a  year,  and  produces  from  6 
to  17  young  in  a  litter.  Females  breed  when  only  4  or  5  months  old. 
The  species  is  practically  (»nnivorous,  feeding  upon  all  kinds  of  ani- 
mal and  vegetable  matter.  It  makes  its  home  in  the  open  field,  the 
hedge  row,  and  the  river  bank,  as  well  as  in  stone  walls,  piers,  and 
all  kinds  of  buildings.  It  destroys  grains  when  newly  planted,  while 
growing,  and  in  the  shock,  stack,  mow,  crib,  granary,  mill,  elevator, 
or  ship's  hold,  and  also  in  the  bin  and  feed  trough.  It  invades  store 
and  warehouse,  and  destroys  furs,  laces,  silks,  carpets,  leather  goods, 
and  groceries.  It  attacks  fruits,  vegetables,  and  meats  in  the  mar- 
kets, and  destroys  by  pollution  ten  times  as  much  as  it  actually  eats. 
It  carries  disease  germs  from  house  to  house  and  bubonic  plague 
from  city  to  city.  It  causes  disastrous  conflagrations;  floods  houses 
by  gnawing  lead  water  pipes;  ruins  artificial  ponds  and  ^nbank- 
ments  by  burrowing;  destroys  eggs  and  young  poultry;  eats  the  €^;gs 
and  young  of  song  birds  and  game  birds;  and  damages  foundations, 
floors,  doors,  and  furnishings  of  dwellings. 

KEKS8  OF  SEPBESSnrO  SATB. 

Rats  have  developed  so  much  intellig^ce  and  such  extnunrdinaiy 
caution  that  attempts  to  exterminate  them  have  rarely  succeeded. 
The  failures  have  been  due  not  so  much  to  lack  of  effective  methods 
as  to  the  neglect  of  obtain  precautions  and  the  absence  of  concerted 
action.  We  have  rendered  our  work  abortive  by  continuing  to  pro- 
vide subsistence  and  hiding  places  for  the  rats.  Wh^i  these  ad- 
vantages are  denied,  persistent  and  concerted  use  of  the  methods  here 
recommended  will  prove  far  more  effective. 

SAT-PBOOT  BUILDIHO. 

First  in  importance,  as  a  measure  of  rat  repres6i<m,  is  the  exclu- 
sion of  the  animals  from  places  where  they  find  food  and  safe  retreats 
for  rearing  their  young. 

The  best  way  to  keep  rats  from  buildings,  whether  in  city  or  in 
country,  is  by  the  use  of  cement  in  construction.  As  the  advantages 
of  this  material  are  coming  to  be  generally  understood,  its  use  is 
rapidly  extending  to  all  kinds  of  buildings.  Dwellings,  dairi^ 
bams,  stables,  chicken  houses,  ice  houses,  bridges,  dams,  silos,  tanks, 
cisterns,  root  cellars,  hotbeds,  sidewalks,  and  curbs  are  now  often 
made  wholly  of  cement.  The  processes  of  mixing  and  laying  this 
material  require  little  skill  or  special  knowledge,  and  workmen  of 
ordinary  intelligence  can  successfully  follow  the  plain  directions 
contained  in  handbooks  of  cement  construction.  Illustrated  hand- 
books are  often  furnished  free  by  cement  manufacturers. 

Many  modem  public  buildings  are  so  constructed  that  rats  can  find 
no  lodgment  in  the  walls  or  foundations,  and  yet  in  a  few  y^ars, 
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throu^  negligence,  such  buildings  often  become  infested  with  the 
pests.  Sometimes  drain  pipes  are  left  uncovered  for  hours  at  a  time. 
Often  outer  doors,  especially  those  opening  on  alleys,  are  left  ajar. 
A  common  mistake  is  failure  to  screen  basement  windows  which  must 
be  opened  for  ventilation.  However  the  intruders  are  admitted,  when 
once  inside  they  intrench  themselves  behind  furniture  or  stores,  and 
are  difficult  to  dislodge.  The  addition  of  inner  doors  to  vestibules  is 
an  important  precaution  against  rats.  The  lower  part  of  outer  doors 
to  public  buildings,  especially  markets,  should  be  reenforced  with 
light  metal  plates  to  prevent  the  animals  from  gnawing  through. 

DwellingB. — In  constructing  dwelling  houses  the  additional  cost  of 
making  the  foundations  rat-proof  is  slight  as  compared  with  the 
advantages.  The  cellar  walls  should  have  concrete  footings,  and  the 
walls  themselves  should  be  laid  in  cement  mortar.  The  cellar  floor 
should  be  of  medium  rather  than  lean  concrete,  and  all  water  and 
drain  pipes  should  be  surrounded  with  concrete.  Even  (Ad  cel^rs 
may  be  made  rat-proof  at  comparatively  small  expense.  Rat  holes 
may  be  permanently  closed  with  a  mixture  of  cement,  sand,  and 
broken  glass,  or  sharp  bits  of  crockery  or  stone. 

On  a  foundation  like  the  one  described  above,  the  walls  of  a  wooden 
dwelling  also  may  be  made  rat-proof.  The  space  between  the  sheath- 
ing and  lath,  to  the  height  of  about  a  foot,  should  be  filled  with  con- 
crete. Rats  can  not  then  gain  access  to  the  walls,  and  can  enter  the 
dwelling  only  through  doors  or  windows.  Screening  all  basement 
and  cellar  windows  with  wire  netting  is  a  most  necessary  precaution. 
Old  buildings  in  cities. — ^Aside  from  old  dwellings,  the  chief  refuges 
for  rats  in  cities  are  sewers,  wharves,  stables,  and  outbuildings. 
Modern  sewers  are  used  by  the  animals  merely  as  highways  and  not 
as  abodes,  but  old-fashioned  brick  sewers  often  afford  nesting 
crannies. 

Wharves,  stables,  and  outbuildings  in  cities  should  be  so  built  as 
to  exclude  rats.  Cement  is  the  chief  means  to  this  end.  Old  tumble- 
down buildings  and  wharves  diould  not  be  tolerated  in  any  city. 

In  both  city  and  country,  wooden  floors  of  sidewalks,  areas,  and 
porches  are  commonly  laid  upon  timbers  resting  on  the  ground. 
Under  such  floors  rats  have  a  safe  retreat  from  nearly  all  enemies. 
The  conditions  can  be  remedied  in  towns  by  municipal  action,  re- 
quiring that  such  floors  ^ould  be  replaced  by  others  made  of  cement. 
Areas  or  walks  made  of  brick  are  often  undermined  by  rats,  and 
may  become  as  objectionable  as  those  of  wood.  Wooden  floors  of 
porches  ^ould  always  be  well  above  the  ground. 

Farm  buildings. — Granaries,  comcribs^  ajid  poultry  houses  may  be 
made  rat-proof  by  a  liberal  use  of  concrete  in  th^  foundations  and 
floors;  or  the  floors  may  be  of  wood  resting  upon  concrete.    Objection 
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has  been  urged  against  concrete  floors  for  horses,  cattle,  and  poultry, 
because  the  material  is  too  good  a  conductor  of  heat,  and  the  health 
of  the  animals  suffers  from  contact  with  these  floors.  In  poultry 
houses,  dry  soil  or  sand  may  be  used  as  a  covering  ^or  the  oem^t 
floor;  and  in  stables,  a  wooden  floor  resting  on  the  concrete  is  just  as 
satisfactory  so  far  as  the  exclusion  of  rats  is  concerned. 

The  conmion  practice  of  setting  comcribs  on  posts  with  inverted 
pans  at  the  top  often  fails  to  exclude  rats,  because  the  posts  are  not 
high  enough  to  place  the  lower  cracks  of  the  structure  beyond  reach 
of  the  animals.  The  posts  should  project  at  least  3  feet  above  the 
surface  of  the  ground,  for  rats  are  excellent  jumpers.  But  a  crib 
built  in  this  manner,  though  cheap,  is  unsightly. 

For  a  rat-proof  crib,  a  well-drained  site  should  be  diosen.  The 
outer  walls,  laid  in  cement,  should  be  sunk  about  20  inches  into  the 
ground.  The  space  within  the  walls  should  be  thoroughly  grouted 
with  cement  and  broken  stone  and  finished  with  rich  concrete  for  a 
floor.  Upon  this  the  structure  may  be  built.  Even  the  walls  of  the 
crib  may  be  concrete.  Com  will  not  mold  in  contact  with  them,  pro- 
vided there  is  good  ventilation  and  the  roof  is  water-tight 

However,  there  are  cheaper  ways  of  excluding  rats  from  either  new 
or  old  comcribs.  Rats,  mice,  and  sparrows  may  be  effectually  kept 
out  by  the  use  of  either  an  inner  or  an  outer  covering  of  galvanized- 
wire  netting  of  half-inch  mesh  and  heavy  enc  igh  to  resist  the  teeth  of 
rats.  The  netting  in  common  use  for  screening  cellar  windows  is 
suitable  for  covering  cribs.  As  rats  can  climb  the  netting,  the  entire 
structure  must  be  screened. 

KEEPING  FOOD  FBOM  RATS. 

The  effect  of  an  abundance  of  food  on  the  breeding  of  rodents 
should  be  kept  in  mind.  Well-fed  rats  mature  quickly,  breed  often, 
and  have  large  litters.  Poorly  fed  rats,  on  the  contrary,  reproduce 
less  frequently  and  have  smaller  litters.  In  addition,  scarcity  of  food 
makes  measures  for  destroying  the  animals  far  more  effective. 

The  general  rat-proofing  of  buildings  is  the  most  important  step 
in  limiting  the  food  supply  of  rats.  But  since  much  of  the  animals' 
food  consists  of  garbage  and  other  waste  materials,  it  is  not  enough 
to  bar  rats  from  markets,  granaries,  warehouses,  and  private  food 
stores.  Garbage  and  offal  of  all  kinds  must  be  so  disposed  of  that 
rats  can  not  obtain  them. 

In  cities  and  towns  an  efficient  system  of  garbage  collection  and 
disposal  should  be  established  by  ordinances.  Waste  from  markets, 
hotels,  cafes,  and' households  should  be  collected  in  covered  metallic 
receptacles  and  frequently  emptied.  Garbage  should  never  be  dumped 
in  or  near  towns,  but  should  be  utilized  or  promptly  destroyed  by  fire, 
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Rats  find  abundant  food  in  country  slaughterhouses ;  reform  in  the 
management  of  these  is  badly  needed.  Such  places  are  centers  of 
rat  propagation.  It  is  a  common  practice  to  leave  offal  of  slaught- 
ered animals  to  be  eaten  by  rats  and  swine,  and  this  is  the  chief  means 
of  perpetuating  trichinae  in  pork.  The  law  should  require  offal  to 
be  promptly  cremated  or  otherwise  disposed  of.  Country  slaughter- 
houses should  be  as  cleanly  as  constantly  mspected  abattoirs. 

Another  important  source  of  rat  food  is  the  remnants  of  lunches 
left  by  employees  in  factories,  stores,  and  public  buildings.  This 
food,  which  alone  is  sufficient  to  attract  and  sustain  a  small  army  of 
rats,  is  conunonly  left  in  waste  baskets  or  other  open  receptacles. 
Strictly  enforced  rules  requiring  all  remnants  of  food  to  be  deposited 
in  coveied  metal  vessels  would  make  trapping  far  more  effective. 

If  buUdings  are  infested  with  rats,  wire-screened  compartments 
should  be  used  for  storing  food.  Many  merchants  now  keep  flour, 
seeds,  meats,  and  the  like  in  wire  cages,  and  the  practice  should  be 
general.  Ice  boxes  and  cold-storage  rooms  may  be  made  proof 
against  rats  by  an  outer  covering  of  heavy  wire  netting  of  half-inch 
mesh.  Steamboat  companies  engaged  in  carrying  high-priced  south- 
ern produce  to  northern  markets  can,  at  small  expense,  protect  the 
vegetables  or  fruits  in  screened  compartments  on  both  docks  and 
vessels. 

Rats  do  not  gnaw  the  plane  surfaces  of  hard  materials,  such  as 
wood.  They  attack  doors,  furniture,  and  boxes  at  the  angles  only. 
This  fact  suggests  the  feasibility  of  protecting  chests  containing  food 
by  light  coverings  of  metal  along  the  salient  angles.  This  plan  has 
for  years  been  in  use  to  protect  naval  stores  on  ships  and  in  ware- 
houses. 

NATTTBAL  ENEMIES  OF  RATS. 

Among  the  natural  enemies  of  rats  are  the  larger  hawks  and  owls, 
skunks,  foxes,  coyotes,  weasels,  minks,  dogs,  cats,  and  ferrets. 

Probably  the  greatest  factor  in  the  increase  of  rats,  mice,  and 
other  destructive  rodents  in  the  United  States  has  been  the  per- 
sistent killing  off  of  the  birds  and  mammals  that  prey  upon  them. 
Animals  that  on  the  whole  are  decidedly  beneficial,  since  they*  subsist 
ujK)n  harmful  insects  and  rodents,  are  habitually  destroyed  by  some 
fanners  and  sportsmen  because  they  occasionally  kill  a  chicken  or 
a  game  bird. 

The  value  of  carnivorous  manmials  and  the  larger  birds  of  prey 
in  destroying  rats  should  be  more  fully  recognized,  especially  by 
the  farmer  and  the  game  preserver.  Rats  actually  destroy  more 
poultry  and  game,  both  eggs  and  young  chicks,  than  all  the  birds  and 
wild  mammals  combined ;  yet  some  of  our  most  useful  birds  of  prey 
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and  carnivorous  mammals  are  persecuted  almost  to  the  point  of 
extinction.  An  enlightened  public  sentiment  t-houid  cause  the  repesl 
of  all  bounties  on  these  animals  and  afford  protection  to  the  majoritr 
of  them. 

DESTBUCnON  OF  BATS. 

The  Biological  Surrej'  lias  made  numeroa'i  laboratory'  and  field 
exiierinients  with  various  agencies  for  destroying  rat-s.  The  results 
form  the  chief  basis  for  the  recommendations  set  forth  in  the  follow- 
ing pages. 

Owing  to  their  cunning  it  is  not  easy  to  clear  premises  of  rBt>  h_v 
trapping;  if  food  is  abundant,  it  is  impossible.    A  few  adults  refuse 
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FlO.  2.— Method  of  baiting  guillotine  trap. 

to  enter  the  most  innocent-looking  trap.  And  yet  trapping,  if  per- 
sistently followed,  is  one  of  the  most  effective  ways  of  destroying  the 
animals. 

Onillotine  trap, — For  general  use  the  improved  modem  traps  with  a 
wire  fall  released  by  a  baited  trigger  and  driven  by  a  coiled  spring 
have  marked  advantages  over  the  old  forms,  and  many  of  them  may 
be  used  at  the  same  time.  These  traps,  sometimes  called  *'  guillotine  " 
traps,  are  of  many  designs,  but  the  more  simply  constructed  are 
preferable.     Probably   those  made  entirely  of  metal   are  the  best. 
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as  they  are  more  durable  and  are  le^s  likely  to  absorb  and  retain 
odors. 

Guillotine  traps  should  be  baited  with  small  pieces  of  Vienna 
sausage  (Wienerwurst)  or  fried  bacon.  A  small  section  of  an  ear  of 
com  is  an  excellent  bait  if  other  grain  is  not  present.  Tlie  trigger 
wire  should  be  bent  inward  to  bring  the  bait  into  proper  i)osition  to 
permit  the  fall  to  strike  the  rat  in  the  neck,  as  shown  in  the  illustra- 
tion (fig.  2). 

Other  excellent  baits  for  rats  are  oatmeal,  toasted  cheese,  toasted 
bread  (buttered),  fish,  fish  offal,  fresh  liver,  raw  meat,  pine  nuts, 
apples,   carrots,   corn,   and    sunflower,   squash,   or   pumpkin    seeds. 
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Broken  fresh  eggs  are  good  bait  at  all  seasons,  and  riiie  tomatoes, 
green  cucumbers,  and  other  fresh  vegetables  iire  very  tempting  to  the 
animals  in  winter.  When  seed,  grain,  or  meal  is  used  with  a  guillo- 
tine trap,  it  is  placed  on  the  trigger  plate,  or  the  trigger  wire  may  be 
bent  outward  and  the  bait  sprinkled  under  it. 

The  ^illotine  trap  with  wooden  base  and  flat  trigger  juin  is  con- 
venient for  us©  along  narrow  rat  runs,  or  at  the  mouth  of  burrows, 
It  may  be  used  in  such  places  without  bait  (fig.  3). 

Cngt  trap. — When  rats  are  numerous,  the  large  French  wire  cage 
traps  can  be  used  to  advantage.  They  should  be  made  of  stiff,  heavy 
wire,  well  rrtnforced.  Many  of  thase  sold  in  hardware  stores  arc  use- 
less, becausea  full-grownratcanbond  the  light  wires  apart  and  escape. 
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Cage  traps  should  be  baited  and  left  open  for  several  ni^ts  until  the 
rats  are  accustomed  to  enter  them  to  obtain  food.  They  should  then 
be  closed  and  freshly  baited,  when  a  large  catch  may  be  exj)ect€i 
especially  of  young  rats.  As  many  as  25,  and  even  more,  partly 
grown  rats  have  been  taken  at  a  time  in  one  of  these  traps. 

The  writer  has  had  excellent  success  by  concealing  a  cage  trap 
under  a  bunch  of  hay  or  straw,  and  has  found  by  experience  that  a 
decoy  rat  in  the  trap  is  useful.  A  commission  merchant  in  Balti- 
more places  the  baited  cage  trap  inside  of  a  wooden  box  having  a 
hole  in  one  end  and  against  which  the  opening  of  the  trap  is  fitted. 
The  box  is  then  covered  with  trash  and  large  catches  are  made. 

Notwithstanding  the  fact  that  sometimes  a  large  number  of  rats 
may  be  taken  at  a  time  in  cage  traps,  a  few  good  guillotine  traps 
intelligently  used  will  prove  more  effective  in  the  long  run. 

Figtire-4  trigger  trap. — ^The  old-fashioned  box  trap  set  with  a  figure4 
trigger  is  sometimes  useful  to  secure  a  wise  old  rat  that  refuses  to  be 
enticed  into  a  modern  trap.  Better  still  is  a  simple  deadfall — a  flat 
stone  or  a  heavy  plank — supported  by  a  figure-4  trigger.  An  old  rat 
will  go  under  such  a  contrivance  to  feed  without  fear. 

Steel  trap. — ^The  ordinary  steel  trap  (No.  0  or  1)  may  sometimes  be 
satisfactorily  employed  to  capture  a  rat.  The  animal  is  usually 
caught  by  the  foot,  and  its  squealing  has  a  tendency  to  frighten  other 
rats.  The  trap  may  be  set  in  a  shallow  pan  or  box  and  covered  with 
bran  or  oats,  care  being  taken  to  have  the  space  under  the  trigger 
pan  free  of  grain.  This  may  be  done  by  placing  a  very  light  bit  of 
cotton  under  the  trigger  and  setting  as  lightly  as  possible.  In  narrow 
runs  or  at  the  mouth  of  burrows  a  steel  trap  unbaited  and  covered 
with  very  light  cloth  or  tissue  paper  is  often  effective. 

The  best  bait  is  usually  food  of  a  kind  that  the  rats  do  not  get  in 
the  vicinity.  In  a  meat  market,  vegetables  or  grain  should  be  used; 
in  a  feed  store,  meat.  As  far  as  possible,  food  other  than  the  bait 
should  be  inaccessible  while  trapping  is  in  progress.  The  bait  diould 
be  kept  fresh  and  attractive,  and  the  kind  changed  when  necessary. 
Baits  and  traps  should  be  handled  as  little  as  possible.  Ordinarily, 
traps  should  be  frequently  cleaned  or  smoked.  The  use  of  artificial 
scents,  as  oil  of  anise  or  rhodium,  on  the  bait  is  advocated  by  many, 
but  no  doubt  their  importance  has  been  exaggerated.  The  experience 
of  the  writer  is  not  favorable  to  their  use,  but  they  may  do  some  good 
by  concealing  the  human  odor  on  the  trap. 

Barrel  trap. — ^About  sixty  years  ago  a  writer  in  the  Comhill  Mag- 
azine gave  details  of  a  trap,  by  means  of  which  it  was  claimed  that 
3,000  rats  were  caught  in  a  warehouse  in  a  single  night  The  plan 
involved  tolling  the  rats  to  the  place  and  feeding  them  for  several 
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ni^ts  OD  the  tops  of  barrels  covered  with  coarse  brown  paper. 
Afterwards  a  cross  was  cut  in  the  paper,  so  that  the  rats  fell  into  the 
barrel  (fig,  4  (1)).    Many  variations  of  the  plan,  but  few  improve- 


— Barrel  tnpa :  1,  Wltb  stlS  paper  c 


:  2,  with  biDged  b 


ments  upon  it,  have  been  suggested  by  agricultural  writers  since  that 
time.  Reports  are  frequently  made  of  large  catches  of  rats  by  means 
of  a  barrel  fitted  with  a  light  cover  of  wood,  hinged  on  a  rod  so  as  to 
turn  with  the  weight  of  a  rat  {fig.  4  (2)). 

Pit  trap. — A  modification  of  the  barrel  trap  is  the  pit  trap  (fig.  o). 

This  consists  of  a  stout  narrow  box  sunk  in  the  ground  so  that  the 

top   is  level   with   the 

=^%:^^^^K==^         ■■>  .'J T    rat  run.     It  is  fitted 

with  a  cover  of  light 

wood  or  metal  in  two 

sections,    the    sections 

fitting     nicely     inside 

the  box   and   working 

independently.      They 

turn  on  rods,  to  which 

poBition  of  they       are       fastened- 

'■  They      are      weighted 

adjusted  that  they  swing  easily.    An 

id  the  rods  is  precipitated  into 

vings  back  to  its  place.    Besides 


near  the  ends  of  the  box  and 
animal  stepping  upon  the  cover  bey 
the  box,  while  the  cover  immediately 
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rats,  the  trap  is  well  adapted  to  capture  larger  animals,  as  mink, 
raccoons,  opossums,  and  cats.  It  is  especially  useful  to  protect  poul- 
try yards,  game  preserves,  and  the  like.  The  trap  should  be  placed 
along  the  fence  outside  the  yard,  and  behind  a  shelter  of  boards  or 
brush  that  leans  against  the  fence. 

Fence  and  battue. — In  the  rice  fields  of  the  Far  East  the  natives 
build  numerous  piles  of  brush  and  rice  straw,  and  leave  them  for 
several  days  until  many  rats  have  taken  shelter  in  them.  A  portable 
bamboo  inclosure  several  feet  in  height  is  then  set  up  around  eadi 
pile  in  succession  and  the  straw  and  brush  are  thrown  out  over  the 
top,  while  dogs  and  men  kill  the  trapped  rodents.  Large  numbers 
are  killed  in  this  way,  and  the  plan  with  modifications  may  be  util- 
ized in  America  with  satisfactory  results.  A  wire  netting  of  fine 
mesh  may  be  used  for  the  inclosure.  The  scheme  is  applicable  at 
the  removal  of  grain,  straw,  or  haystacks,  as  well  as  brush  piles. 

In  a  large  barn  near  Washington,  a  few  years  ago,  piles  of 
unhusked  corn  shocks  were  left  in  the  loft  and  were  soon  infested 
with  rats.  A  wooden  pen  was  set  down  surrounding  the  piles  in  turn 
and  the  corn  thrown  out  until  dogs  were  able  to  get  at  the  rats.  In 
this  way  several  men  and  dogs  killed  500  rats  in  a  single  day. 

Poisons. 

While  the  use  of  poison  is  the  best  and  quickest  way  to  get  rid  of 
rats,  the  odor  from  the  dead  animals  makes  the  method  impracticable 
in  occupied  houses.  Poison,  however,  may  be  effectively  used  in 
barns,  stables,  sheds,  cribs,  and  other  outbuildings. 

Among  the  principal  poisons  that  have  been  recommended  for 
killing  rats  are  barium  carbonate,  strychnine,  arsenic,  and  phos- 
phorus. 

Barium  carbonate. — One  of  the  cheapest  and  most  effective  p>oisons 
for  rats  and  mice  is  barium  carbonate.  This  mineral  has  the  advan- 
tage of  being  without  taste  or  smell.  It  has  a  corrosive  action  on  the 
mucous  lining  of  the  stomach  and  is  dangerous  to  larger  animals  if 
taken  in  sufficient  quantity.  In  the  small  doses  fed  to  rats  and  mice 
it  would  be  harmless  to  domestic  animals.  Its  action  upon  rats  is 
slow,  and  if  exit  is  possible  they  usually  leave  the  premises  in  search 
of  water.  For  this  reason  the  poison  may  frequently,  thou^  not 
always,  be  used  in  houses  without  disagreeable  consequences. 

Barium  carbonate  may  be  fed  in  the  form  of  dough  composed  of 
four  parts  of  meal  or  flour  and  one  part  of  the  mineral.  A  more 
convenient  bait  is  ordinary  oatmeal  with  about  one-eighth  of  its  bulk 
of  the  mineral,  mixed  with  water  into  a  stiff  dough.  A  third  plan  b 
to  spread  the  barium  carbonate  upon  fish,  toasted  bread  (moistened), 
or  ordinary  bread  and  butter.    The  prepared  bait  should  be  placed  in 
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rat  runs,  about  a  teaspoonf  ul  at  a  place.  If  a  single  application  of 
the  poison  fails  to  kill  or  driye  away  all  rats  from  the  premises,  it 
diould  be  repeated  with  a  change  of  bait. 

Stryehauie. — Strychnine  is  too  rapid  in  action  to  make  its  use  for 
rats  desirable  in  houses,  but  elsewhere  it  may  be  employed  eflfectively. 
Strychnia  sulphate  is  the  best  form  to  use.  The  dry  crystals  may  be 
inserted  in  small  pieces  of  raw  meat,  Vienna  sausage,  or  toasted  cheese, 
and  these  placed  in  rat  runs  or  burrows;  or  oatmeal  may  be  moistened 
with  a  strychnine  sirup,  and  small  quantities  laid  in  the  same  way. 

Strychnine  situp  is  prepared  as  follows :  Dissolve  a  half  ounoe  of 
strydmia  sulphate  in  a  pint  of  boiling  water;  add  a  pint  of  thick 
sugar  sirup  and  stir  thoroughly.-  A  smaller  quantity  may  be  prepared 
with  a  proportional  quantity  of  water  and  sirup.  In  preparing  the 
bait  it  is  necessary  to  moisten  all  the  oatmeal  with  the  sirup.  Wheat 
and  c(Hm  are  excellent  alternative  baits.  The  grain  should  be  soaked 
overnight  in  the  strychnine  sirup, 

Anenie. — Arsenic  is  probably  the  most  popular  of  the  rat  poiscms, 
owing  to  its  cheapness;  yet  our  experiments  prove  that,  measured 
by  the  results  obtained,  arsenic  is  dearer  than  strychnine.  Besides, 
arsenic  is  extremely  variable  in  its  effect  upon  rats ;  and  if  the  ani- 
mals survive  a  first  dose  it  is  very  difficult  to  induce  them  to  take 
another. 

Powdered  white  arsenic  (arsenious  acid)  may  be  fed  to  rats  in 
almost  any  of  the  baits  mentioned  under  barium  carbonate  and 
strychnine.  It  has  been  used  successfully  when  rubbed  into  fresh 
fish  or  spread  on  buttered  toast.  Another  method  is  to  mix  twelve 
parts  by  weight  of  com  meal  and  one  part  of  arsenic  with  whites  of 
eggs  into  a  stiff  dough/ 

An  old  formula  for  poisoning  rats  and  mice  with  arsenic  is  the 
following,  adapted  from  an  English  source: 

Take  a  pound  of  oatmeal,  a  pound  of  coarse  brown  sugar,  and  a 
spoonful  of  arsenic  Mix  well  together  and  put  the  composition  into 
an  earthen  jar.  Put  a  tablespoonful  at  a  place  in  runs  frequented 
by  rats. 

Fhosphonu. — For  poisoning  rats  and  mice,  phosphorus  is  used 
almost  as  conmionly  as  arsenic,  and  undoubtedly  it  is  effective  when 
given  in  an  attractive  bait.  The  phosphorus  paste  of  the  drug 
stores  is  usually  dissolved  yellow  phosphorus,  mixed  with  glucose 
or  other  substances.  The  proportion  of  phosphorus  varies  from  one- 
fourth  of  1  per  cent  to  4  per  cent.  The  first  amount  is  too  small 
to  be  always  effective  and  the  last  is  dangerously  inflammable.  When 
homemade  preparations  of  phosphorus  are  used,  there  is  much  dan- 
ger of  burning  the  person  or  of  setting  fire  to  crops  or  buildings. 
In  the  Western  States  many  fires  have  resulted  from  putting  out 
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homemade  phosphorus  poisons  for  ground  squirrels,  and  entire  fields 
of  ripe  grain  have  been  destroyed  in  this  way.  Even  with  the  com- 
mercial pastes  the  action  of  sun  and  rain  upon  them  changes  the 
phosphorus  and  leaches  out  the  glucose  until  a  highly  inflammable 
residue  is  left. 

It  is  often  claimed  that  when  phosphorus  is  eaten  by  rats  or  mice 
it  dries  up  or  mummifies  the  body  so  that  no  odor  results.  The 
statement  has  no  foundation  in  fact.  Equally  misleading  is  the 
statement  that  rats  poisoned  with  phosphorus  do  not  die  on  the 
premises.  Owing  to  its  slower  operation,  no  doubt  a  larger  pro- 
portion escape  into  the  open  before  dying  than  when  strychnine  is 
used. 

The  Biological  Survey  does  not  recommend  the  use  of  phosphorus 
as  a  poison  for  rodents. 

Caution. — In  the  United  States  there  are  few  laws  which  prohibit 
the  laying  of  poisons  on  lands  owned  or  controlled  by  the  poisoner. 
Hence  it  is  all  the  more  necessary  to  exercise  extreme  caution  to 
prevent  accidents.  In  several  States  notice  of  intention  to  lay  poison 
must  be  given  to  persons  living  in  the  neighborhood.  Poison  for  rats 
should  never  be  placed  in  open  or  unsheltered  places.  This  applies 
particularly  to  strychnine  or  arsenic  on  meat. 

Poison  in  poultry  houses. — For  poisoning  rats  in  buildings  and  yards 
occupied  by  poultry  the  following  method  is  recommended:  Two 
wooden  boxes  should  be  used,  one  considerably  larger  than  the  other, 
and  each  having  two  or  more  holes  in  the  sides  large  enough  to  admit 
rats.  The  poisoned  bait  should  be  placed  on  the  bottom  and  near 
the  middle  of  the  smaller  box,  and  the  larger  box  should  then  be 
inverted  over  the  other.  Rats  thus  have  free  access  to  the  bait,  but 
fowls  are  excluded. 

Domestic  Animals. 

Among  domestic  animals  employed  to  kill  rats  are  the  dog,  cat, 
and  ferret. 

Dogfs. — The  value  of  dogs  as  ratters  can  not  be  appreciated  by  per- 
sons who  have  had  no  experience  with  a  trained  animal.  The  ordi- 
nary cur  and  the  larger  breeds  of  dogs  seldom  develop  the  necessary 
qualities  for  ratters.  Small  Irish,  Scotch,  and  fox  terriers  when 
properly  trained  are  superior  to  other  breeds,  and  under  favorable 
circumstances  may  be  relied  upon  to  keep  the  farm  premises  reason- 
ably free  from  rats. 

Cats. — However  valuable  cats  may  be  as  mousers,  few  of  them  learn 
to  catch  rats.  The  ordinary  house  cat  is  too  well  fed  and  conse- 
quently too  lazy  to  undertake  the  capture  of  an  animal  as  formidable 
as  the  brown  rat.    Birds  and  mice  are  much  more  to  its  liking. 
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Ferrets. — Tame  ferrets,  like  weasels,  are  inveterate  foes  of  rats,  and 
can  follow  the  rodents  into  their  retreats.  Under  favorable  circum- 
stances they  are  useful  aids  to  the  rat  catcher,  but  their  value  is 
greatly  overestimated.  For  effective  work  they  require  experienced 
handling  and  the  additional  services  of  a  dog  or  two.  Dogs  and 
ferrets  must  be  thoroughly  accustomed  to  each  other,  and  the  former 
must  be  quiet  and  steady  instead  of  noisy  and  excitable.  The  ferret 
is  used  only  to  bolt  the  rats,  which  are  killed  by  the  dogs.  If  un- 
muzzled ferrets  are  sent  into  rat  retreats,  they  are  apt  to  make  a  kill 
and  then  lie  up  after  sucking  the  blood  of  their  victim.  Sometimes 
they  remain  for  hours  in  the  burrows  or  escape  by  other  exits  and 
are  lost.  There  is  danger  that  these  lost  ferrets  may  adapt  them- 
selves to  wild  conditions  and  become  a  pest  by  preying  upon  poultry 
and  birds. 

Fumi^tion. 

Kats  may  be  destroyed  in  their  burrows  in  the  fields  and  along 
river  banks,  levees,  and  dikes  by  carbon  bisulphid.  A  wad  of 
cotton  or  other  absorbent  material  is  saturated  with  the  liquid  and 
then  pushed  into  the  burrow,  the  opening  being  packed  with  earth  to 
prevent  the  escape  of  the  gas.  All  animals  in  the  burrow  are  asphyx- 
iated. Fumigation  in  buildings  is  not  so  effective,  because  it  is  dif- 
ficult to  confine  the  gases.  Moreover,  when  effective,  the  odor  from 
the  dead  rats  is  highly  objectionable  in  occupied  buildings. 

Chlorin,  carbon  monoxid,  sulphur  dioxid,  and  hydrocyanic  acid 
are  the  gases  most  used  for  destroying  rats  and  mice  in  sheds,  ware- 
houses, and  stores.  Each  is  effective  if  the  gas  can  be  confined  and 
made  to  reach  the  retreats  of  the  animals.  Owing  to  the  great  dan- 
ger from  fire  incident  to  burning  charcoal  or  sulphur  in  open  pans,  a 
special  furnace  provided  with  means  for  forcing  the  gas  into  the  com- 
partments of  vessels  or  buildings  is  generally  employed. 

Hydrocyanic-acid  gas  is  effective  in  destroying  all  animal  life  in 
buildings.  It  has  been  successfully  used  to  free  elevators  and  ware- 
houses of  rats,  mice,  and  insects.  However,  it  is  so  dangerous  to 
human  life  that  the  novice  should  not  attempt  fumigation  with  it, 
except  under  careful  instructions.  Directions  for  preparing  and 
using  the  gas  may  be  found  in  a  publication  entitled  Hydrocyanic- 
acid  Gas  against  Household  Insects,  by  Dr.  L.  O.  Howard.'* 

Carbon  monoxid  is  rather  dangerous,  as  its  presence  in  the  hold  of 
a  vessel  or  other  apartment  is  not  manifest  to  the  senses,  and  fatal 
accidents  have  occurred  during  its  employment  to  fumigate  vessels. 

Chlorin  gas  has  a  strong  bleaching  action  upon  textile  fabrics,  and 
for  this  reason  can  not  be  used  in  many  situations. 


«  Circular  46,  Bureau  of  Entomology,  U.  S.  Dept.  of  Agric,  1907. 
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Sulphur  dioxid  also  has  a  bleaching  effect  upon  textiles,  but  less 
marked  than  that  of  chlorin  and  ordinarily  not  noticeable  with  the 
small  percentage  of  the  gas  it  is  necessary  to  use.  On  the  whole,  this 
gas  has  many  advantages  as  a  fumigator  and  disinfectant.  It  k 
used  also  as  a  fire  extinguisher  on  board  vessels.  Special  furnaces 
for  generating  the  gas  and  forcing  it  into  the  compartments  of  Alps 
and  buildings  are  on  the  market,  and  many  steamships  and  docks  are 
now  fitted  with  the  apparatus. 

Xicro-orgraniams. 

Several  micro-organisms,  or  bacteria,  have  been  exploited  in  Europe 
and  America  for  destroying  rats.  A  number  are  on  the  market  in 
the  United  States.  With  the  aid  of  the  Biochemic  Division  of  the 
Bureau  of  Animal  Industry,  the  Biological  Survey  has  made  labora- 
tory and  field  experiments  with  some  of  them,  and  has  also  received 
many  reports  from  others  who  have  tried  the  cultures  in  a  practical 
way.  The  results  are  by  no  means  uniform,  although  the  majority 
are  negative.  The  cultures  tested  by  the  Survey  have  given  poor 
results. 

The  chief  defects  to  be  overcome  before  the  cultures  can  be  reooim- 
mended  for  general  use  are : 

1.  The  virulence  is  not  great  enough  to  kill  a  sufficiently  high 
percentage  of  rats  that  eat  food  containing  the  micro-organisms. 

2.  The  virulence  decreases  with  the  age  of  the  cultures.  TTiey 
deteriorate  in  warm  weather  and  in  bright  sunlight. 

3.  The  diseases  resulting  from  the  micro-organisms  are  not  conta- 
gious and  do  not  sprefid  by  cont|ict  of  diseased  with  healthy  animals. 

4.  The  comparative  cost  of  the  cultures  is  too  great  for  general 
use.  Since  they  have  no  advantages  over  the  conmion  poisons,  except 
that  they  are  usually  harmless  to  man  and  other  animals,  they  ^oold 
be  equally  cheap;  but  their  actual  cost  is  much  greater.  Moreover, 
considering  the  skill  and  care  necessary  in  their  preparation,  it  is 
doubtful  if  the  cost  can  be  greatly  reduced. 

Organised  Efforts  to  Destroy  Bats. 

The  necessity  of  cooperation  and  organization  in  the  work  of  rat 
destruction  should  not  be  overlooked.  To  destroy  all  the  animals 
on  the  premises  of  a  single  farmer  in  a  conmiunity  has  little  perma- 
nent value,  since  they  are  soon  replaced  from  near-by  farms.  If, 
however,  the  farmers  of  an  entire  township  or  county  unite  in  efforts 
to  get  rid  of  rats,  much  more  lasting  results  may  be  attained.  If 
continued  from  year  to  year,  such  organized  efforts  are  very  effective. 
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Cooperative  efforts  to  destroy  rats  have  taken  various  forms  in 
different  localities.  In  cities  municipal  employees  have  occasion- 
ally been  set  at  work  hunting  rats  from  their  retreats,  with  at  least 
temporary  benefit  to  the  community.  Thus,  in  1904,  at  Folkestone, 
England,  a  town  of  about  25,000  inhabitants,  the  corporation  em- 
ployees, helped  by  dogs,  in  three  days  killed  1,645  rats. 

Side  hunts  in  which  rats  are  the  only  animals  that  count  in  the 
contest  have  sometimes  been  organized  and  successfully  carried  out. 
At  New  Burlington,  Ohio,  a  rat  hunt  took  place  November  26,  1866, 
in  which  each  of  the  two  sides  killed  over  8,000  rats,  the  beaten  party 
serving  a  Thanksgiving  banquet  'to  the  winners. 

There  is  danger  that  organized  rat  hunts  will  be  followed  by  long 
intervals  of  indifference  and  inaction.  This  may  be  prevented  by 
offering  prizes  covering  a  definite  period  of  effort.  Such  prizes 
accomplish  more  than  municipal  bounties,  because  they  secure  a 
friendly  rivalry  which  stimulates  the  contestants  to  do  their  utmost 
to  win. 

In  England  and  some  of  its  colonies  contests  for  prizes  have  been 
organized  to  promote  the  destruction  of  the  European  house  sparrow, 
but  many  of  the  so-called  sparrow  clubs  are  really  sparrow  and  rat 
clubs,  for  the  destruction  of  both  pests  is  the  avowed  object  of  the 
organization.  A  sparrow  club  in  Kent,  England,  secured  the  destruc- 
tion of  28,000  sparrows  and  16,000  rats  in  three  seasons  by  the 
annual  expenditure  of  but  £6  ($29.20)  in  prize  money.  Had  ordi- 
nary bounties  been  paid  for  this  destruction,  the  tax  on  the  com- 
munity would  have  been  about  £250  (over  $1,200). 

STTHMABY  OF  BECOMMENDATIONS. 

The  following  are  important  aids  in  limiting  the  numbers  of  rats 
and  reducing  the  losses  from  their  depredations: 

1.  Protection  of  our  native  hawks,  owls,  and  smaller  predatory 
mammals — ^the  natural  enemies  of  rats. 

2.  Greater  cleanliness  about  stables,  markets,  grocery  stores,  ware- 
houses, courts,  alleys,  and  vacant  lots  in  cities  and  villages,  and  like 
care  on  farms  and  suburban  premises.  This  includes  the  storage  of 
waste  and  garbage  in  tightly  covered  vessels  and  the  prompt  disposal 
of  it  each  day. 

3.  Care  in  the  construction  of  buildings  and  drains,  so  as  not  to 
provide  entrance  and  retreats  for  rats,  and  the  permanent  closing  of 
all  rat  holes  in  old  houses  and  cellars. 

4.  The  early  thrashing  and  marketing  of  grains  on  farms,  so  that 
stacks  and  mows  shall  not  furnish  harborage  and  food  for  rats. 
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5.  Removal  of  outlying  straw  stacks  and  piles  of  trash  or  Imnber      i 
that  harbor  rats  in  the  fields. 

6.  Kat-proofing  of  warehouses,  markets,  cribs,  stables,  and  grana- 
ries for  storage  of  provisions,  seed  grain,  and  feedstuffs. 

7.  Keeping  effective  rat  dogs,  especially  on  farms  and  in  city  ware- 
houses. 

8.  The  systematic  destruction  of  rats,  whenever  and  wherever  pos- 
sible, by  (a)  trapping,  (6)  poisoning,  and  (c)  organized  hunts. 

9.  The  organization  of  rat  clubs  and  other  societies  for  systematic 
warfare  against  rats.  ' 


[A  list  giving  the  titles  of  all  Farmeis'  Bulletins  available  for  distribntion  will  be 
sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of  Agricultore.] 

o 


^/  ^/  ^7^ 
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IHTKODUCTIOH. 

Habit  frequently  continues  a  type  of  farming  in  a  community  long 
after  that  type  has  become  unprofitable.  Wheat  farming  on  fertile 
virgin  soil  is  usually  profitable,  but  there  are  many  instances  in  the 
United  States  where  farmers  have  continued  to  grow  wheat  for  a 
number  of  years  after  it  had  ceased  to  be  a  profitable  crop.  The  same 
is  true  of  cotton.  A  two-year  rotation  of  com  and  oats  has  been  con- 
tinued in  portions  of  the  com  belt,  notwithstanding  the  fact  that  it  is 
often  unprofitable,  little  or  no  money  being  made  on  either  crop. 
Frequently  these  unprofitable  types  of  farming  continue  through  a 
series  of  years  or  until  the  property  changes  hands  or  new  methods 
are  introduced.    The  farmer  finds  it  hard  to  change  a  lifelong  habit. 

DIFFICTTLTT  OF  TAEINO  TTP  A  NEW  LINE  OF  FABMINO. 

A  man  who  has  grown  up  with  the  agriculture  of  a  community  is 
slow  to  believe  that  the  type  of  farming  he  has  followed  and  which 
was  at  one  time  profitable  has  at  last  become  unsuited  to  his  condi- 
tions.    It  is  no  small  task  to  think  out  and  change  his  long-used  type 
to  some  better  kind  of  farming.     There  are  several  reasons  why  such 
a  change  is  difficult.    It  may  mean  a  new  line  of  equipment.     Build- 
ings may  need  modification  or  fences  must  be  rearranged.     It  may 
mean  the  introduction  of  commercial  fertilizers  or  of  more  or  differ- 
ent live  stock  on  the  farm.    It  may  mean  that  money  will  have  to  be 
borrowed  if  the  proposed  changes  are  effected.    Furthermore,  the 
change  may  not  succeed.     At  best  the  taking  up  of  a  new  line  of 
farming  requires  a  readjustment  of  the  usual  ways  of  thinking  and 
doing,  a  thing  difficult  in  itself  and  requiring  considerable  time  to 
accomplish. 

HOW  SHALL  THE  CHANGE  BE  KADE? 

Notwithstanding  habit  may  set  the  farmer  in  his  ways,  altered 
conditions  and  lessened  yields  and  income  may  compel  him  to  change 
his  system  or  go  out  of  business.  To  what  shall  he  change?  How 
shall  be  go  about  it?    What  type  of  farming  is  likely  to  prove  more 
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profitable  than  the  kind  he  is  now  following?  What  additional  cap- 
ital is  necessary  to  institute  a  new  and  better  system?  These  are  the 
questions  that  confront  him.  They  are  difficult  to  answer.  With 
pencil  and  paper  in  hand  he*  may  estimate  the  returns  that  may  rea- 
sonably be  expected  by  introducing  more  crops  that  build  up  the  land, 
by  growing  more  of  the  crop  that  is  bringing  him  in  the  greatest 
amount  of  money,  by  giving  more  attention  to  the  live  stock  that  has 
been  found  to  pay  best,  and  the  like. 

If  in  these  calculations  he  meets  with  difficulty  because  of  a  lack  of 
definite  information  as  to  what  may  be  reasonably  expected  when 
improved  methods  are  applied  in  the  culture  of  a  crop  or  in  the 
handling  of  stock,  he  may  write  to  the  agricultural  college,  or  the 
board  of  agriculture,  or  the  agricultural  experiment  station  of  his 
own  State,  or  to  the  United  States  Department  of  Agriculture  for 
help.  It  is  the  business  of  these  institutions  to  discover  and  gatlier 
facts  relative  to  the  science,  practice,  and  business  of  agriculture  for 
the  benefit  of  the  farmer,  and  particidarly  for  the  farmer  who  wants 
to  improve  his  methods  of  farming.  The  agricultural  press  also 
undertakes  to  aid  the  farmer  in  the  solution  of  problems  of  this 
character. 

In  addition  to  these  sources  a  few  private  firms  have  been  estab- 
lished whose  business  it  is  to  furnish  expert  advice  on  farm  manage- 
ment for  a  consideration. 

OBJECTIONS    10    GIVINO   ADVICE    ON   THE   KANAGEMEHT    OF 

ENTIEE  FABHS. 

Not  always,  however,  are  the  institutions  just  mentioned  prepared 
to  give  the  farmer  information  on  a  plan  covering  his  whole  farm. 
The  expert  dairyman  cares  to  give  advice  only  on  dairying,  the  ento- 
mologist only  on  insects  and  spraying,  the  agronomist  only  on  field 
crops,  the  pathologist  only  on  plant  diseases,  the  shepherd  only  on 
sheep.  Not  many  care  to  attempt  to  coordinate  all  the  manifold  in- 
terests of  the  farm  into  a  single  comprehensive  farm  plan,  and  yet 
this  is  exactly  what  the  farmer  must  do  every  day  of  his  life  if  he 
would  get  the  most  out  of  his  farm  and  make  farming  pay. 

The  farmer  is  not  simply  a  com  farmer,  or  a  wheat  grower,  or  a 
cattle  breeder,  or  a  sheep  feeder,  or  a  poultry  raiser,  but  often  all  of 
these  and  more  combined.  His  farm,  therefore,  must  be  planned 
with  reference  to  all  of  these  operations  and  the  harmonious  dove- 
tailing together  of  the  different  parts.  In  replanning  his  farm  for 
profit  the  farmer  must  see  all  these  different  problems  in  a  compre- 
hensive way  at  the  outset,  omit  the  features  that  do  not  pay,  and 
strengthen  those  that  do. 
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Fortunately,  many  of  our  agricultural  colleges  to-day  are  coordi- 
nating the  work  of  their  different  departments  and  giving  courses  in 
farm  management,  and  usually  suggestions  can  be  obtained  from  these 
sources  relative  to  the  general  management  of  the  farm — ^not  neces- 
sarily detailed  directions  for  farming,  for  it  would  be  as  difficult  to 
tell  a  man  how  to  farm  as  it  is  to  tell  him  how  to  succeed  in  law,  but 
rather  to  furnish  him  a  comprehensive  plan  for  managing  his  farm, 
corresponding  in  a  way  to  the  plan  furnished  by  the  architect  to  a 
builder. 

FAEM  FLANS  MTTST  BE  BASED  OIT  AVEBAOE  CONDITIONS. 

It  is  often  said  that  a  farm  can  not  be  planned  as  other  kinds  of 
business  are ;  that  the  vicissitudes  of  weather,  the  visitations  of  insect 
pests  or  plant  diseases,  the  low  prices  that  may  prevail  when  the 
farmer  has  to  sell,  and  other  unforeseen  circmnstances  may  interfere 
to  make  all  farm  plans  almost  worthless  from  a  practical  standpoint. 

This  is  often  quite  true  with  reference  to  plans  made  for  a  particu- 
lar year.  But  when  the  plans  are  based  on  average  conditions  for  a 
long  series  of  years,  then  the  objections  do  not  hold.  For  while  we 
can  not  tell  what  may  happen  during  any  particular  season,  we  can 
foretell  with  considerable  accuracy  what  the  average  conditions 
will  be  over  a  series,  say,  of  ten  years.  The  whole  business  of 
insurance  is  based  on  the  reliability  of  averages.  It  can  not  be  fore- 
told just  who  out  of  a  thousand  persons  will  die  next  year,  but  it  can 
be  stated  with  much  certainty  about  how  many  persons  out  of  the 
thousand  will  die.  Plans  for  the  farm,  likewise,  must  represent  and 
be  based  on  average  conditions  and  not  on  single  years.  The  farm 
plan  must  be  made  for  a  period  of  years  and  not  for  a  single  year. 

HOW  FAEM8  ABE  BEPLANNED  BY  THE  OFFICE  OF  FABK 

UANAaEMENT. 

The  United  States  Department  of  Agriculture  is  in  almost  daily 
receipt  of  letters  to  the  following  effect:  The  writer  owns  a  farm. 
The  farm  is  not  paying.  Can  the  Department  suggest  a  kind  of  farm- 
ing that  will  pay  ? 

This  correspondence  is  usually  referred  to  the  Office  of  Farm  Man- 
agement of  the  Bureau  of  Plant  Industry  for  reply.  It  is  to  show 
how  the  Office  of  Farm  Management  handles  such  problems  as  these, 
and  thus  to  indicate  to  the  farmer  the  capabilities  of  a  farm  when 
replanned  for  profit  and  how  he  may  go  about  replanning  his  own 
farm,  that  this  bulletin  is  written. 
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BEFLANNIKa  A  FAEM  IN  CENTBAL  ULIKOIS. 

For  the  purpose  of  illustration,  the  problem  of  an  80-acre  farm 
reported  to  the  Office  of  Farm  Management  from  central  Illinois 
may  be  taken.  The  owner  stated  that  his  farm  was  located  on  the 
black  prairie  corn  land  conmion  to  that  section  of  the  State,  that  it 
was  valued  at  $150  to  $175  an  acre,  would  rent  for  $5  an  acre  cash,  and 
that  it  had  been  cropped  with  corn  and  oats  for  many  years  until 
the  average  yields  were  about  35  bushels  of  com  per  acre  or  20  bushels 
of  oats. 

In  1908  the  actual  yields  were  24  bushels  of  com  and  12  bushels  of 
oats  per  acre.  The  total  income  of  the  whole  farm,  estimating  crops 
at  average  prices,  was  less  than  $450  for  the  year,  fi-om  which  it  will 
be  readily  seen  that  the  labor  and  capital  invested  are  not  very  hand- 
somely rewarded.  In  fact,  if  the  labor  on  the  farm  were  hired  the 
farm  would  be  run  at  a  considerable  loss.  Valuing  the  farm  at 
$12,000,  the  interest  alone  at  5  per  cent  is  $600. 

This  farm  was  chosen  for  illustration  because  it  is  typical  of  large 
farming  areas  in  parts  of  the  Middle  States  and  because  the  price  of 
the  land  has  outgrown  the  system  of  farming  in  vogue. 

In  the  future  management  of  this  farm  three  propositions  are  open 
to  the  owner:  (1)  Continue  the  old  method  of  farming  and  lose 
money;  (2)  rent  the  land  out  at  $5  per  acre  cash  and  permit  the 
land  to  be  further  robbed  of  soil  fertility  and  impoverished;  and 
(3)  change  his  plans  to  meet  the  new  conditions  and  farm  rationally 
and  profitably. 

In  replanning  this  farm  it  was  decided  as  a  preliminary  to  make 
general  estimates  of  the  returns  that  might  be  expected  if  the  farm 
were  operated  along  any  one  of  the  following  lines : 

(1)  A  grain  and  hay  farm,  with  a  three-year  rotation  of  com,  oats,  and  Hay. 

(2)  A  grain  and  clover-seed  farm,  with  a  three-year  rotation  of  com,  oats, 
and  clover  for  seed. 

(3)  A  grain  and  clover  farm,  with  a  four-year  rotation  of  com,  corn,  oats,  and 
clover. 

(4)  A  sheep  farm. 

(5)  A  hog  farm. 

(6)  A  dairy  farm. 

GENERAL  CONSIDEBATIONS  IN  BEPLANNING  THE  FARM. 

Among  the  first  things  essential  to  know  in  replanning  a  farm  is 
what  can  reasonably  be  expected  from  the  farm  if  properly  handled. 
Judgment  on  this  point  will  be  considerably  influenced  by  what  is 
being  done  by  good  farmers  on  similar  land  elsewhere  under  like 
conditions. 

The  usual  crops  grown  in  the  vicinity  and  the  usual  rotation  on 
most  of  the  farms  of  the  neighborhood  are  corn  and  oats.    But  very 
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little  hay  is  raised,  notwithstanding  botli  clover  and  timothy  do 
well,  nor  is  much  stock  fed.  Some  colts  are  raised,  but  most  of  tho 
grain  is  sold  direct  to  the  elevator. 

In  the  early  days,  when  the  land  was  new,  com  yielded  75  to  80 
bushels  per  acre  and  oats  40  bushels,  and  this  type  of  farming — com 
in  rotation  with  oats — was  very  profitable.  At  the  present  tune  on 
similar  land  and  within  10  miles  of  the  farm  in  question  one  extensive 
farmer  has  been  able  to  maintain  the  average  yield  of  both  com  and 
oats  for  a  period  of  sixteen  years  at  40  bushels  per  acre.  Even  on 
this  farm  scarcely  15  per  cent  of  the  area  is  yearly  planted  to  clover, 
and  no  commercial  fertilizer  and  practically  no  stable  manure  is  used. 

With  a  proper  system  of  rotation,  the  introduction  of  clover  into 
the  farming  scheme,  and  the  use  of  comparatively  small  quantities 
of  commercial  fertilizers  where  barnyard  manure  is  not  available,  it 
should  be  easily  possible  to  make  the  average  yields  of  com  on  this 
farm  60  to  75  bushels  per  acre  and  of  oats  40  to  45  bushels. 

This  estimate  is  based  on  the  fact  that  in  a  thirty-year  rotation 
experiment  at  the  University  of  Illinois  the  yield  of  com  in  a  rota- 
tion of  com,  oats,  and  clover  has  averaged  58  bushels  per  acre,  and 
when  treated  with  lime  and  phosphorus  in  addition  for  thirteen 
years  the  average  yield  of  com  per  acre  has  been  90  bushels.*  Our 
first  thought,  therefore,  in  replanning  this  farm  is  to  introduce 
clover  into  the  rotation  and  to  use  some  form  of  commercial  fertilizer 
that  will  maintain  the  fertility  of  the  soil  and  increase  the  yield  of 
money  crops. 

SOME  FTTNDAMENTAL  POINTS  TO  BE  KEPT  IN  MINB. 

In  replanning  a  farm  it  is  essential  that  a  few  fundamental  points 
in  farming  be  kept  constantly  in  mind : 

(1)  The  plan  should  provide  a  reasonable  reward  for  the  labor 
and  capital  invested. 

(2)  The  fertility  of  the  farm  should  be  maintained  or  increased. 

(3)  The  plan  must  be  suited  to  the  capabilities  of  the  owner  for 
carrying  it  out. 

It  is  assumed  that  in  order  to  replan  a  farm  for  profit  it  is  neces- 
sary to  consider  the  capabilities  of  the  farmer  to  put  the  new  plan 
into,  effect.  This,  in  general,  will  render  it  necessary  to  recombine 
the  phases  of  farming  with  which  he  is  already  familiar  or  to  bring 
in  new  features  which  are  not  very  dissimilar  to  the  ones  he  is  already 
accustomed  to.  That  is  why  in  plan  1  the  only  change  made  is  the 
addition  of  clover  to  the  rotation,  with  a  little  bone  meal  to  increase 
the  corn  crop. 

o  See  Illinois  Agricultural  Experiment  Station  Bulletin  125,  p.  32i. 
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PLAN  1.— A  GBAIN  AND  HAY  FABM. 
Live  stock  to  be  kept. 

To  successfully  handle  an  80-acre  farm  of  heavy  soil  on  which 
com,  oats,  and  hay  are  grown,  about  four  work  animals  will  be  needed. 
These  may  well  be  draft  brood  mares,  and  it  may  safely  be  assumed 
that  each  mare  will  produce  on  an  average  a  colt  every  other  year. 
To  supply  the  family  with  milk  and  butter,  about  two  cows  will  be 
needed.  The  farmer  will  probably  raise  two  or  three  hogs  for  pork 
and  will  keep  a  few  chickens.  It  is  assumed  that  the  permanent 
pasture  for  two  cows  and  two  colts  during  the  season,  and  possibly 
two  or  three  hogs,  depending  on  whether  it  may  or  may  not  be 
cheaper  and  less  troublesome  to  buy  pork  than  to  put  up  hog  faices 
and  feed  com,  together  with  the  buildings,  garden,  and  orchard,  will 
require  about  8  acres  (ordinarily  a  cow  requires  2  acres  of  pasture 
each  season),  thus  leaving  72  acres  of  the  farm  which  can  be  put 
into  cultivated  crops. 

Botation  to  be  followed. 

These  72  acres  will  be  divided  into  three  fields  of  24  acres  each 
without  division  fences,  and  a  three-year  rotation  of  crops  will  be. 
observed  as  follows : 

One  24-acre  field  will  be  planted  with  com,  using  selected  seed  and 
fertilizing  the  field  with  all  the  barnyard  manure  available,  and  in 
addition  applying  about  400  pounds  of  steamed  bone  meal  per  acre. 
As  this  land  still  produces  a  luxuriant  crop  of  clover  no  lime  will  be 
added  at  present  other  than  that  contained  in  the  bone  meal.    The 
com  crop  will  be  cultivated,  not  necessarily  the  regulation  three  ti 
and  then  laid  by,  but  as  often  as  may  be  necessary  to  keep  the  uppe; 
2  or  8  inches  of  soil  loose,  mellow,  and  free  from  weeds.    The  co: 
will  be  planted  on  a  clover  sod  which  has  been  pldwed  down  in  th 
fall  and  left  rough  through  the  winter.  ^ 

The  second  24-acre  field  will  be  planted  to  oats,  or 
wheat,  as  winter  wheat  is  again  coming  into  favor  with 
the  section.  The  oats  will  be  put  in  on  corn  ground  which 
thoroughly  disked  and  put  into  fine  condition  for  this  crop. 
fertilizer  will  be  used  on  the  oats.  Selected  seed  of  the  Swedish 
Select  variety  or  of  some  other  variety  that  does  well  in  the  neighbor- 
hood will  be  sown.  With  the  oats  and  ahead  of  the  drill  a  mixturf 
of  about  10  pounds  of  common  red  clover  and  12  pounds  of  timet! 
will  be  sown. 

The  third  24-acre  field  will  be  in  hay,  the  timothy  and   cl 
mixture  seeded  with  the  oats  the  preceding  year. 
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Yields  to  be  exi>ected. 

In  this  first  replanning  of  the  farm,  then,  provision  has  been  made 
for  a  three-year  rotation  of  corn,  oats,  and  clover,  each  to  occupy  the 
same  field  but  one  year  before  that  field  is  refitted  for  another  crop 
in  the  rotation.  The  total  average  yields  that  may  be  expected  from 
this  rotation  after  it  is  put  into  operation  are  about  as  follows: 

Com,  24  acres,  at  60  bushels  per  acre bushels..  1, 440 

Oats,  24  acres,  at  40  bushels  per  acre do 960 

Hay,  24  acres,  at  2  tons  per  acre tons —        48 

Feed  required  for  stock. — ^All  of  this  produce  can  not  be  sold,  however. 
The  stock  must  be  fed,  and  for  this  purpose  it  is  assumed  that  the 
following  quantities  will  be  required  throughout  the  year  for  the 
different  kinds  of  stock: 

Pounds. 

4  mares,  grain  fed,  15  pounds  each,  daily 21, 900 

2  colts,  grain  fed,  1  pound  each,  300  days 600 

2  cows,  grain  fed,  4  pounds  each,  ISO  days 1,440 

Total 23, 940 

The  figures  given  are  averages.  It  is  expected  that  the  grain  fed 
the  heavy  type  of  draft  horses  kept  on  this  farm  will  average  nearer 
20  pounds  during  the  busiest  part  of  the  working  season  and  con- 
siderably less  than  15  pounds  in  winter.  •  Usually  in  winter,  when 
but  little  farm  work  is  going  on,  only  one  team  will  be  fed  grain. 
In  the  above  estimates  no  account  is  taken  of  the  hay  fed  to  stock, 
as  it  is  the  custom  in  the  section  to  use  oat  straw  and  corn  stover  as 
the  only  roughage  either  winter  or  summer. 

If  this  farm  were  being  planned  for  the  greatest  profit  instead 
of  for  the  purpose  of  showing  the  various  ways  in  which  the  problem 
may  be  attacked,  less  grain  and  more  clover  hay  would  be  fed.  In 
factj  all  the  hay  produced  on  the  place  would  be  fed  to  stock  of 
some  kind  bought  or  raised  for  the  purpose. 

Financial  returns  to  be  eitpected. 

Since  the  roughage  (oat  straw  and  corn  stover)  fed  both  horses 
and  cows  is  of  a  highly  carbonaceous  nature,  the  grain  ration  may 
well  be  straight  oats,  which  is  fairly  rich  in  protein,  instead  of  a 
edish*  mixture  of  oats  and  corn,  which  is  commonly  employed  in  the  region, 
iibor  ■  Th^  23,940  pounds  of  grain  required  to  feed  the  stock  represents 
d\i^  about  750  bushels  of  oats.  There  will  be  required  for  seed  each  year 
otl  also  about  60  bushels  of  oats,  making  in  all  810  bushels  that  will  be 
,  ■  consumed  on  the  place.  The  remainder  of  the  oats  grown,  together 
m       with  all  the  com,  all  the  hay,  2  colts,  and  probably  2  veal  calves,  may 
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be  sold  each  year  and  will  constitute  the  gross  income  of  the  farm. 
The  gross  returns  may  be  expected  to  be  about  as  follows : 

Ck)rn,  1,440  bushels,  at  50  cents  a  bushel $720 

Oats,  150  bushels,  at  40  cents  a  bushel GO 

Hay,  48  tons,  at  $S  a  ton 3S4 

CJolts,  2,  at  $50  each 100 

Calves,  2,  at  $5  each 10 

Total  gross  income 1,  274 

From  the  $1,274  gross  income  should  be  deducted  the  cost  of  about 
5  tons  of  steamed  bone  meal  at  $25  a  ton,  leaving  a  balance  of  $1,149 
as  the  gross  returns,  out  of  which  must  come  the  expenses  of  labor, 
living,  interest  on  investment,  etc. 

The  effect  of  adopting  plan  1. 

In  this  first  outline  plan  it  is  seen  that  by  the  introduction  of  hay, 
a  large  part  of  which  is  clover,  into  the  rotation,  thus  augmenting 
the  humus  and  nitrogen  content  of  the  soil,  and  by  the  addition  of 
400  pounds  to  the  acre  of  steamed  bone  meal  on  each  crop  of  com, 
it  may  be  expected  that  the  yields  will  be  doubled  and  the  income 
raised  from  less  than  $450  to  $1,149  a  year,  with  all  expense  charges 
remaining  practically  the  same  as  before,  and  in  addition  $126  paid 
out  for  steamed  bone  meal  to  help  maintain  the  fertility  of  the  farm. 
These  results  would  not  beTsecured  the  first  year.  The  fertilized  com 
crop  would  first  show  the  results  of  the  system  and  not  until  the  third 
year  could  the  above  results  be  expected. 

The  nearly  12  tons  of  grain  fed,  together  with  the  24  acres  of  oat 
straw  and  24  acres  of  corn  stover  fed  or  used  as  bedding  on  the  place, 
will  make  more  than  100  tons  of  manurial  material  to  be  used  on  the 
com.  This,  with  the  plowed-imder  clover  stubble,  will  keep  the 
farm  fairly  well  supplied  with  humus.  The  400  pounds  of  bone  meal 
used  on  the  corn,  with  that  furnished  by  the  manure,  will  more  than 
supply  the  phosphoric  acid  removed  by  all  the  crops,  and  the  only 
element  of  importance  permanently  decreased  in  the  soil  is  potash. 
There  is  such  an  abundant  supply  of  potash,  however,  in  Illinois 
corn  soils  that  this  factor  can  probably  be  neglected  for  several 
generations  yet. 

In  the  above  plan,  should  the  farmer  desire  to  feed  about  three 
hogs  for  pork,  he  should  let  them  run  on  pasture,  and  -can  estimate 
that  it  will  require  about  15  bushels  of  corn  each  to  bring  them  to  a 
weight  of  200  pounds  at  10  months. 

The  income  of  $1,149  per  annum  by  the  system  of  farming  out- 
lined in  plan  1  will  pay  only  5  per  cent  interest  on  a  $15,000  invest- 
ment and  leave  but  $399  to  pay  taxes,  running  expenses,  labor,  etc, 
so  further  changes  will  be  made- as  suggested  in  the  following  plan. 
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PLAK  a.— A  QBJlIN  AND  CLOVEB-SEED  If  ABM. 

In  plan  1,  just  described,  the  usual  system  of  operating  the  80-aere 
farm  was  modified  in  only  one  important  particular.  The  rotation 
of  com  and  oats  "was  changed  to  a  three-year  rotation  of  com,  oats, 
and  clover  and  timothy  hay,  and  the  hay  was  sold  for  $8  a  ton.  In- 
stead of  selling  the  hay,  suppose  only  clover  seed  is  sown — either 
manunoth,  common  red,  or  alsike — and  the  whole  crop  saved  for  seed. 
How  would  this  change  affect  the  income  and  fertility  of  the  farm  ? 

The  live  stock  kept  on  the  farm  would  be  4  brood  mares,  2  cows, 
and  2  colts,  as  before.  The  method  of  feeding  them  would  be  the 
same.  One  man  could  do  practically  all  the  work  on  the  farm,  as 
before.  The  400  pounds  of  bone  meal  per  acre  would  be  applied  on 
the  com  crop  each  year,  but  instead  of  attempting  to  put  up  or 
market  hay,  only  clover  seed  would  be  sown  and  attention  centered 
on  the  production  of  a  heavy  clover-seed  crop.  The  rotation  would 
be  (1)  corn,  (2)  oats,  (3)  clover  for  seed. 

Possibilities  of  clover-seed  farming. 

What  are  the  possibilities  of  clover  seed  as  a  standard  farm  crop? 
As  commonly  handled — the  first  crop  cut  for  hay  and  the  second  crop 
taken  for  seed — the  average  yields  vary  from  a  peck  to  occasionally 
2  bushels  per  acre.  Thus  handled,  clover  seed  is  a  precarious  crop 
and  there  is  practically  no  money  in  it.  But  farmers  are  known  in 
Ohio  and  Illinois  who  make  a  business  of  growing  clover  for  seed  each 
year  and  who  count  with  as  much  certainty  on  getting  yields  of 
4  bushels  of  seed  per  acre  as  they  do  on  getting  50  bushels  of  corn 
per  acre  each  year  on  good  com  land. 

To  secure  seed  the  clover-seed*farmer  aims  to  make  his  clover  bloom 
in  dry  weather.  He  reduces  the  quantity  of  stem,  and  instead  of  a 
rank-growing  plant  that  lodges  badly  he  will  have  a  short,  stocky, 
upright  clover  plant.  Likewise  he  aims  to  have  only  a  medium  thick 
stand  of  clover  on  the  field  when  he  grows  it  for  seed,  and  so  will  use 
much  less  seed  at  planting  time  than  when  the  crop  is  grown  for  hay. 
And  probably  most  important  of  all,  the  successful  clover-seed  farmer 
will  make  his  clover  bloom  at  a  time  when  the  insects  <»  which  injure 
the  seed  most  are  for  the  most  part  undergoing  their  transformations 
in  the  ground. 

Usually  all  of  the  results  referred  to  are  accomplished  by  pastur- 
ing the  clover  back  in  northern  Illinois  to  about  June  1  to  10,  or  clip- 

«  What  these  Insects  are,  their  nature,  and  how  to  avoid  them  may  be  learned 
In  detail  by  a  study  of  Circular  No.  69  of  the  Bureau  of  EiUtomology,  United 
States  Department  of  Agriculture,  entitled  "  Some  Insects  Affecting  the  Pro- 
dactlon  of  Bed  Clover  Seed." 
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ping  the  clover  with  the  mower  at  about  the  same  time  and  letting 
the  clippings  lie  on  the  ground.  It  is  not  usually  possible  to  get  both 
a  good  hay  crop  and  a  good  clover-seed  crop  the  same  season.  Gener- 
ally the  hay  crop  must  4)e  sacrificed  or  cut  considerably  earlier  than 
usual. 

An  instance  is  known  of  a  50-acre  field  of  clover  in  IHinois,  not  far 
from  the  80-acre  farm  here  being  considered,  where  haying  was  t)egun 
one  season  about  ten  days  earlier  than  usual  and  finished  about  the 
usual  time.  The  whole  of  the  second  crop  was  then  saved  for  seed. 
On  the  part  cut  earliest  for  hay  the  seed  obtained  at  the  second  cut- 
ting averaged  close  to  5  bushels  per  acre  for  common  red  clover.  On 
that  portion  of  the  field  cut  last  for  hay  the  seed  yield  of  the  second 
crop  was  scarcely  1  bushel  per  acre.  By  cutting  hay  early  the  rav- 
ages of  the  clover-flower  midge,  which  prevents  clover-seed  formation, 
were  largely  avoided  and  a  good  seed  crop  obtained. 

Financial  retains  to  be  expected. 

In  the  second  plan  it  is  assmned  that  if  a  farmer  understands  his 
business  he  can  get  average  yields  of  at  least  3  bushels  of  clover  seed 
per  acre.  Assuming  yields  of  60  bushels  of  corn  per  acre  and  40 
bushels  of  oats,  as  before,  that  the  stock  will  require  the  same  quan- 
tity of  feed  as  in  plan  1,  and  that  prices  will  be  50  cents  per  bushel 
for  com,  40  cents  for  oats,  and  $6  for  clover  seed,  there  will  be  for 
gross  income  the  following: 

CJom,  24  acres,  1,440  bushels,  at  50  cents $720 

Oats  (feed  and  seed,  810  bushels),  150  bushels,  at  40  cents.-  60 

Clover  seed,  24  acres,  72  bushels,  at  $0 432 

2  colts  at  150  each 100 

2  calves  at  |5  each r. 10 

Total  income 1,322 

From  this  gross  income  of  $1,322  will  be  deducted  $125  for  5  tons 
of  bone  meal,  leaving  $1,197  to  pay  for  labor,  interest  on  investment, 
and  other  charges  against  the  farm. 

The  growing  of  the  clover  for  seed  instead  of  for  hay  is  thus  seen 
to  be  even  more  profitable  than  the  hay  proposition.  The  labor  of 
harvesting  the  seed  is  much  less  exacting  than  handling  the  crop  for 
hay,  and  if  a  rain  or  two  should  come  after  the  seed  crop  is  cut  the 
damage  is  far  less  than  in  the  case  of  the  hay  crop. 

Besides,  instead  of  the  hay  being  sold,  resulting  ij\  considerable 
loss  of  soil  fertility  to  the  farm,  all  the  clover  straw  and  chaff  would 
be  returned  to  the  fields  and  the  fertility  of  the  soil  maintained 
much  more  surely  than  by  plan  1. 

It  is  thus  seen  that  by  simply  modifying  the  present  system  of 
com  and  oat  growing  on  this  farm  by  the  addition  of  clover  grown 
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for  either  hay  or  seed  the  gross  income  is  more  than  doubled  and 
the  land  greatly  improved  at  the  same  time.  The  returns  from  this 
system  of  farming  will  just  about  pay  5  per  cent  interest  on  a  $15,000 
investment  and  moderate  wages  to  one  man  for  the  year.  It  would 
not  satisfy  the  man  who  had  bought  a  farm  and  was  trying  to  pay 
for  it  out  of  the  proceeds  of  the  farm. 

PLAN  3.— A  GBAIN  AND  CLOVEB  FABK. 

If  the  crops  grown  on  this  farm  and  the  prices  received  for  them 
are  examined  critically,  attention  is  attracted  at  once  to  the  fact 
that  the  largest  return  per  acre,  $30,  is  secured  from  the  corn  crop. 
From  the  standpoint,  therefore,  of  profit  and  the  use  of  the  crops 
here  under  consideration  it  is  desirable  to  grow  as  large  an  acreage  of 
com  each  year  as  is  consistent  with  good  farming. 

Some  of  the  important  factors  that  must  be  kept  in  mind  in  in- 
creasing the  acreage  of  com  are  the  insects  that  affect  the  crop  in- 
juriously when  grown  too  many  seasons  on  the  same  field  in  succes- 
sion, the  necessity  of  maintaining  the  nitrogen  and  humus  supply 
in  the  soil  by  the  culture  of  some  leguminous  crop,  and  the  supplying 
of  adequate  amounts  of  certain  mineral  fertilizers,  like  the  phos- 
phates, to  secure  maximum  corn  crops  and  insure  the  continued  pro- 
ductiveness of  the  farm. 

Botation  to  be  adopted. 

A  rotation  which  has  been  found  satisfactory  and  effective  in  parts 
of  the  com  belt  and  which  puts  half  the  farm  in  com  each  year  is  as 
follows:  (1)  Com,  (2)  com,  (3)  oats,  (4)  clover.  This  is  a  four- 
year  rotation  in  which  half  the  fields  are  in  corn  each  year.  It  is  true 
that  in  this  rotation  corn  follows  corn  for  two  years,  but  this  is  not 
particularly  objectionable  on  good  com  ground,  especially  when,  fol- 
lowing com,  the  field  is  given  two  years'  rest  from  this  crop  and 
opportunity  is  thus  afforded  to  free  the  land  from  the  more  serious 
pests  of  the  corn.  This  is  also  a  type  of  farming  differing  but  little 
from  that  already  in  operation  on  the  farm  under  consideration,  and 
hence  easy  to  adopt. 

If  it  be  assmned,  as  in  previous  plans,  that  8  acres  of  the  farm  are 
devoted  to  buildings,  yards,  garden,  orchard,  and  permanent  pasture 
for  the  cows,  colts,  and  calves,  there  will  remain  72  acres  to  fit  into 
this  four-year  rotation.  Tliese  72  acres,  therefore,  may  be  divided 
into  four  18-acre  fields  and  each  year  there  will  be  grown  (1)  18 
acres  of  com,  (2)  18  acres  of  corn,  (3)  18  acres  of  oats,  and  (4)  18 
acres  of  clover.  The  com  will  be  fertilized  each  year  with  about  400 
pounds  of  steamed  bone  meal  per  acre. 

370 


IB  BEPLANNING  A  FABM  FOB  PROFIT. 

Live  stock  to  be  kept  and  yields  to  be  expected. 

As  in  previous  plans,  it  is  assiuned  that  the  stock  kept  on  the  farm 
will  be  4  brood  mares,  2  colts,  and  2  cows.  It  has  already  been  shown 
that  to  feed  the  fixed  stock  on  the  farm  about  23,940  pounds  of  grain 
will  be  needed.  In  feeding  the  grain  and  for  seed  all  the  oats  grown 
on  the  farm,  about  720  bushels,  will  be  needed,  and  about  45  bushels 
of  corn  in  addition.  The  roughage  and  bedding  for  stock  will  con- 
sist of  corn  stover  and  oat  straw.  The  clover  may  be  handled  either 
for  seed  or  hay. 

As  the  hay  crop  in  the  hands  of  the  ordinary  farmer  is  a  little  more 
certain  than  the  seed  crop,  this  phase  will  be  considered  in  making  the 
final  calculations. 

The  average  yield  expected  will  be  as  follows: 

Corn,  36  acres,  at  60  bushels  per  acre bnsbels—  2, 160 

Oats,  18  acres,  at  40  bushels  per  acre do 720 

Clover  hay,  18  acres,  at  2  tons  per  acre tons 36 

Financial  returns  to  be  ezi>ected. 

Of  the  oats,  40  bushels  will  be  used  for  seed  and  all  the  remainder 
fed. 

Of  the  2,160  bushels  of  corn,  all  but  45  bushels  will  be  sold.  All 
the  clover  hay  will  be  sold.  The  average  gross  returns  of  the  farm 
from  all  sources  should  be  about  as  follows  for  the  four-year  rotation: 

Com.  2,115  bushels,  at  50  cents $1, 057.  50 

Clover  hay,  S6  tons,  at  $8 288. 00 

2  colts,  at  $50  each 100. 00 

2  calves,  at  $5  each 10.00 

Totil 1, 455. 50 

The  am9unt  of  bone  meal  bought  for  the  com  will  be  increased 
from  5  to  7  tons,  which  will  cost  about  $175,  leaving  $1,280.50  as  a 
return  for  the  year's  expenses,  interest,  and  labor. 

If  the  clover  were  harvested  for  seed  instead  of  hay  the  returns  for 
the  clover  crop  would  be  $324  instead  of  $288,  and  in  addition  all 
the  clover  straw,  which  is  worth  as  a  fertilizer  practically  $8  a  ton, 
would  be  left  on  the  land  as  a  permanent  improvement  instead  of 
being  sold  off  for  hay. 

The  gross  returns  secured  by  thus  adopting  a  four-year  rotation 
instead  of  a  three-year  rotation  and  by  increasing  the  acreage  in  com 
have  been  increased  from  $130  to  $160  over  plan  1  and  from  $80  to 
$116  over  plan  2,  while  as  compared  with  the  farm  as  at  present 
planned  the  returns  are  2.8  times  as  great.  This  plan  yields  a  return 
of  about  5  per  cent  on  a  $15,000  investment,  and  leaves  from  $530  to 
$566  to  pay  expenses,  wages,  etc. 
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To  show  the  effect  of  making  live  stock  the  leading  feature  of  the 
farm,  plans  showing  the  returns  that  may  be  expected  by  certain 
methods  of  handling  different  classes  of  stock  will  now  be  taken  up. 

PI.AN  4.— A  SHEEP  FABM. 

Of  all  the  different  types  of  agriculture,  live-stock  farming  is  the 
surest  way  known  to  increase  yields  and  keep  up  permanently  the 
fertility  of  the  farm  or  to  build  up  the  farm  after  it  has  once  been 
run  down  by  years  of  grain,  cotton,  or  tobacco  farming.  The  owner 
of  the  80-acre  farm  here  under  consideration  was  conscious  of  this 
fact  and  thought  possibly  he  might  go  into  some  kind  of  stock  farm- 
ing. Would  it  pay  ?  He  liked  sheep ;  people  said  there  was  "  money 
in  sheep."  He  desired  that  in  replanning  the  farm  its  possible  con- 
version into  a  sheep  farm  be  considered.  To  meet  this  request,  there- 
fore, the  farm  has  been  planned  along  one  of  the  more  usual  lines  of 
sheep  farming  common  to  Illinois  to  see  about  what  returns  might  be 
expected. 

Live-stock  farming  a  complex  problem. 

The  introduction  of  stock  on  the  farm  complicates  matters  consid- 
erably in  planning  a  cropping  system  which  shall  fit  the  needs  of 
the  stock  kept  and  in  estimating  expenses  and  returns.  First  of 
all,  in  the  present  instance,  it  is  necessary  to  know  how  many  sheep 
an  80-acre  farm  will  carry.  Before  this  question  can  be  answered 
it  must  be  known  roughly  how  much  "  fixed  stock,"  like  horses  and 
cows,  will  be  kept  on  the  place,  since  it  will  require  a  certain  amount 
of  land  to  grow  crops  for  this  "  fixed  stock,"  and  it  is  only  the  area 
that  is  left  that  can  be  counted  on  for  pasture  and  crops  for  the 
sheep.  In  the  previous  plans,  where  an  excess  of  grain  and  roughage 
was  grown,  the  acreage  of  crops  required  for  the  fixed  stock  did  not 
necessarily  enter  into  the  problem  except  as  regards  final  returns. 
Now,  however,  the  number  of  fixed  stock  kept  and  what  they  eat 
will  be  a  limiting  factor  on  the  number  of  sheep  that  can  be  kept, 
and  must  be  known  at  the  outset. 

In  order  that  the  plan  for  the  farm  may  be  in  a  measure  com- 
parable with  the  plans  previously  outlined  it  will  be  assumed  at  the 
outset  that  4  brood  mares  will  be  kept  for  farm  work,  2  colts  raised 
yearly,  2  cows  kept  for  family  use,  and  2  calves  sold  for  veal. 

Good  sheep  farming  presupposes  the  growing  of  considerable 
clover  or  other  leguminous  hay.  With  clover  hay  for  feed,  an  effi- 
cient ration  for  practically  all  this  stock  can  be  made,  with  com  as 
the  principal  grain  ration.  Some  oats,  perhaps,  should  be  grown 
for  the  colts  and  cows,  and  some  will  be  needed  in  starting  lambs  on 
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grain  rations,  but  as  com  weighs  more  per  bushel  and  yields  more 
bushels  per  acre  than  oats,  it  is  desirable  to  use  com  instead  of  oats 
whenever  possible. 

Feedingr  system  for  fixed  stock. 

The  fixed  stock  or  permanent  stock  on  the  place  will  be  fed  about 
as  follows : 

Horses. — An  average  each  of  15  pounds  of  corn,  10  pounds  of  clover 
hay,  and  5  to  10  pounds  of  cornstalks  daily  throughout  the  year. 

Colts. — ^Run  in  permanent  pasture;  for  about  300  days  they  will 
be  fed  an  average  of  1  pound  of  oats  daily,  and  for  120  days  of  this 
time  they  will  each  be  fed  an  average  of  1^  pounds  of  clover  hay  a 
day.    They  will  be  sold  before  they  are  a  year  old. 

Cows. — Run  on  permanent  pasture  from  May  1  to  October  31.  From 
November  1  to  April  30,  or  about  180  days,  each  will  be  fed  an  aver- 
age of  4  pounds  of  com  and  oats,  half  and  half,  with  5  pounds  of 
clover  hay  and  cornstalks  or  oat  straw  in  addition. 

The  grain  and  hay  required  for  this  stock  during  the  year  will  be 
about  as  shown  below : 

Corn :  Pounds. 

4  horses,  15  pounds  each,  365  days 21,900 

2  cows,  2  pounds  each,  180  days 720 

Total  corn 22, 620 

Oats: 

2  cows,  2  pounds  each,  180  days 720 

2  colts,  1  pound  each,  300  days 600 

Total  oats 1, 320 

Hay: 

4  horses,  10  pounds  each,  305  days 14, 600 

2  cows,  5  pounds  each,  180  days 1,800 

2  colts,  li  pounds  each,  120  days 360 

Total  hay 16,760 

The  above  data  indicate  that  for  the  fixed  stock  there  will  be  re- 
quired yearly  22,620  pounds  of  corn,  1,320  pounds  of  oats,  and  16,760 
pounds  of  hay. 

With  this  type  of  farming,  in  which  all  of  the  crops  grown  on  tie 
farm  are  consumed  on  the  farm  and  where  clover  will  constitute  the 
principal  hay  and  pasture  crop,  it  is  assumed,  as  in  previous  plans, 
that  the  yields  will  be  60  bushels,  or  3,360  pounds,  of  com ;  40  bushels, 
or  1,280  pounds,  of  oats;  and  2  tons  of  clover  hay  per  acre  on  the 
average  each  year. 
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Acrea^re  required  to  support  fixed  stock. 

With  the  above  data  in  hand  it  is  possible  to  determine  the  amount 
of  land  that  will  be  required  to  support  the  fixed  stock  on  the  farm. 
This  is  shown  in  the  table  below. 

Table  1. — Acreage  of  com,  oats,  and  hay  required  by  fixed  stock. 


Kind  of  feed  raqolred. 


Corn. 
Oats. 
Hay. 


Total  acreage  required . 


Total 

quantitr 

req  aired. 


req 


Yield  of  1  acre. 


Pound*. 
22,620 
1,320 
16,760 


Pound*. 
3,360  <60  bushels). 
1,280  (40  bushels). 
4,000  (2  tons) 


Total  area 
of each 
crop  re- 
quired. 


Acre*. 
6.73 
1.03 
4.10 


11.95 


This  table  shows  that  about  12  acres  of  the  farm  must  be  devoted  to 
growing  hay  and  grain  for  the  fixed  stock.  If  to  the  12  acres  of  com, 
oats,  and  hay  required  for  the  fixed  stock  8  acres  more  are  added  for 
the  buildings,  orchard,  garden,  and  permanent  pasture  for  the  cows, 
colts,  and  pigs,  there  will  be  left  for  sheep  only  60  acres  of  the  farm. 
The  problem  now  is.  How  many  sheep  will  this  area  support?  What 
is  the  maximum  number  of  ewes  that  can  be  maintained  on  this  area 
and  what  are  the  average  returns  that  may  be  expected  per  annum? 

To  answer  these  questions  it  is  fii'st  necessary  to  find  out  how  much 
land  will  be  required  to  support  one  sheep.  This,  in  turn,  depends  on 
what  the  sheep  eats,  and  so  at  the  outset  it  is  found  necessary  to  adopt 
a  feeding  system  and  plan  of  management  for  the  flock. 

Flock  managrement  and  feeding  system. 

Good  grade  Merino-Shropshire  ewes  will  be  used  and  pure-bred 
bucks  of  either  the  Shropshire,  Oxford,  Hampshire,  or  Southdown 
breeds.  It  is  assumed  that  on  the  average  each  ewe  in  the  flock  will 
drop  one  lamb.  It  is  planned  to  have  the  lambs  dropped  in  February 
and  sold  the  last  of  June  or  first  of  July,  at  a  weight  of  from  40  to  50 
pounds.  This  will  avoid  carrying  the  lambs  through  the  hot  summer 
months,  when  pastures  are  short,  gains  slow,  and  danger  from  infesta- 
tion by  stomach  worms  great.  Besides,  the  ewes  will  be  relieved  by 
weaning  the  lambs  at  this  season  of  the  year  and  more  pasture  will  be 
available  for  grazing ;  hence,  more  ewes  can  be  kept  and  the  ewes  will 
be  in  better  condition  for  September  and  October  breeding. 

The  general  scheme  of  feeding  ewes  and  lambs  will  be  about  as 
follows: 

Ewes. — ^The  ewes  will  run  at  pasture  from  May  1  to  November  30, 
and  it  is  assumed  that  an  acre  of  good  clover  pasture  will  support 
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about  4  ewes  with  their  lambs.  From  December  1  to  April  30  the 
ewes  will  receive  about  3  pounds  of  clover  hay  dailyj  and  in  addition 
during  the  month  of  February,  when  the  lambs  are  coming,  each  ewe 
will  be  fed  about  1  pound  of  oats  daily,  while  during  March  and 
April  the  same  quantity  of  grain  will  be  fed  the  ewes  with  the  idea 
of  thus  increasing  the  growth  of  the  lambs,  but  half  the  grain  will 
be  oats  and  the  other  half  com. 

Lamhs. — ^The  lambs  will  run  with  the  ewes  up  to  the  time  they  are 
sold,  and  from  March  15  to  June  30  will  each  receive  daily  on  the 
average  about  three-eighths  of  a  pound  of  com  until  sold  the  latter 
part  of  June  or  early  in  July. 

The  total  quantity  of  grain  and  hay  that  will  be  required  for  each 
ewe  and  her  lamb  during  the  year  will  be  about  as  follows : 

Ewes :  Pounds. 

Hay,  December  1-Aprll  30,  151  days,  fed  3  pounds  dally-  453 

Oats,  February  1-28,  28  days,  fed  1  pound  daily 28 

Oats,  March  l-April  30,  61  days,  fed  }  pound  daily 30. 5 


5a5 


Ck>m,  March  1-AprU  80,  61  days,  fed  }  pound  daily 30. 5 

Lambs :  Corn,  March  15-June  30, 107  days,  fed  f  pound  dally.    40. 1 


70.6 


Acreacre  required  to  sapport  each  ewe  and  her  lamb. 


As  shown,  each  ewe  and  her  lamb  will  require  during  the  year, 
a  total  of  453  pounds  of  hay,  58.5  pounds  of  oats,  and  70.6  pounds 
of  corn.  In  addition  it  has  been  assumed  that  they  will  also  require 
one- fourth  acre  of  pasture.  The  total  area  of  land,  tiien,  required  for 
each  ewe  and  lamb  for  grain,  hay,  and  pasture  will  be  as  shown  in 
the  following  table : 

Table  2. — Acreage  of  com,  oats,  hay,  and  pasture  required  hy  each  ewe  and  her 

lanib  during  a  season. 


Kind  of  feed  required. 


Cora... 
Oats... 
Hay.... 
Pasture. 


Total  acreage  for  each  ewe  and  her  lamb . 


Total 
quantity 
required. 


PtmndM. 
70.6 
68.5 
453.0 


Yield  of  1  acre. 


Powndt. 
3,360  (60  bushels). 
1,280  (40  bushels). 
4,000  (2  tons) 


Total 
ofeach 
crop  r^ 
qutfod. 


AcrcM. 

a  021 

.046 

'      .113 

.250 


430 


In  the  above  table  the  figures  showing  acreages  in  the  last  column 
are  obtained  by  dividing  the  amount  of  feed  required  for  each  head 
by  the  quantity  that  can  be  produced  on  an  acre.  They  show  that 
there  must  be  grown  for  each  ewe  and  her  lamb  0.021  of  an  acre  of 
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com,  0.046  of  an  acre  of  oats,  0.113  of  an  acre  of  hay,  and  0.25  of  an 
acre  of  pasture,  or  a  total  of  0.43  of  an  acre  for  a  ewe  and  her  lamb. 

Number  of  ewes  the  farm  will  carry. 

It  has  already  been  shown  that  the  area  required  for  the  fixed 
stock,  buildings,  permanent  pasture,  etc.,  was  20  acres,  thus  leaving 
60  acres  of  the  farm  for  sheep,  and  since  one  ewe  requires  but  0.43 
of  an  acre  for  her  support,  60  acres  will  carry  as  many  ewes  as  0.43 
is  contained  in  60,  or  139,  leaving  off  the  fraction.  It  is  assumed  that 
three  bucks  will  be  needed  for  a  flock  of  ewes  of  this  size  and  that 
the  bucks  will  require  about  the  same  feed  as  the  ewes.  It  will 
therefore  be  safe  to  figure  on  a  permanent  flock  of  about  106  ewes 
and  3  bucks. 

Acreage  of  crops  to  be  grown  for  feed. 

In  replanning  this  farm  as  a  sheep  farm  only  such  crops  will  be 
grown  as  the  sheej)  and  other  live  stock  require.  The  acreages  de- 
voted to  each  of  the  crops  of  hay,  pasture,  oats,  and  corn  are  easily 
determined  by  multiplying  the  amount  of  each  crop  required  for  one 
ewe  and  her  lamb,  as  shown  in  Table  2,  by  the  total  number  of  mature 
sheep  kept  on  the  place,  or  139,.  and  adding  these  results  to  the  acre- 
ages required  by  the  fixed  stock  as  shown  in  Table  1.  In  the  follow- 
ing table  these  calculations  are  made : 

Table  3. — Acreage  required  for  the  maintenance  of  ISO  sheep  and  for  the 

fixed  stock. 


Kind  of  feed  required. 


Corn 

Oats 

Hay.... 
Pasture. 


Total  acreage  required . 


Area  re- 
quired 
fori 
sheep 


Acres. 

0.021 

.046 

.113 

.250 


Area  re- 
quired 

for  whole 
flock. 


Acres. 

2.919 

6.394 

15.707 

34.750 


Area  re- 
quired 

for  fixed 
stock. 


Acres. 
6.730 
1.030 
4.190 


Total 

area  of 

each  crop 

grown. 


Acres. 

9.65 

7.42 

19.90 

34.75 


71.72 


The  last  column  of  the  above  table  shows  that  to  meet  the  require- 
ments of  the  sheep  and  fixed  stock  on  the  farm  there  should  be 
grown  each  year  about  9^  acres  of  corn,  7^  acres  of  oats,  20  acres 
of  hay,  and  35  acres  of  pasture,  or  72  acres  in  all,  in  addition  to  the 
8  acres  of  land  devoted  to  buildings,  orchard,  garden,  and  permanent 
pasture  for  cows  and  colts. 

Botation  to  be  followed. 

For  all  practical  purposes,  these  72  acres  might  be  divided  into  four 
18-acre  fields  and  a  four-year  rotation  adopted  as  follows:  (1)  Com 
and  oats  (10  acres  of  corn,  8  acres  of  oats,  and  the  whole  field  seeded 
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to  clover  and  timothy),  (2)  hay,  (3)  pasture,  and  (4)  pasture.  Thifi 
rotation  would  supply  each  year  10  acres  of  com,  8  acres  of  oats,  18 
acres  of  hay,  and  36  acres  of  pasture,  which  is  practically  what  is 
needed  by  the  stock  kept. 

This  rotation  calls  for  the  seeding  of  clover  in  the  com  at  the  last 
cultivation.  Should  the  catch  fail,  a  mixture  of  oats  and  field  pess 
will  be  sown  on  the  com  land  the  following  spring  and  cut  for  hay. 
A  mixture  of  clover  and  grasses  should  be  seeded  with  the  peas  and 
oats  to  furnish  pasture  the  following  season. 

Another  rotation  and  arrangement  of  fields  which  would  meet  the 
needs  of  the  sheep  as  regards  crops  and  pasture  would  be  as  follows: 
(1)  Nine  acres  of  com,  (2)  9  acres  of  oats,  (3)  9  acres  of  mixed 
clover  hay,  (4)  9  acres  of  mixed  clover  hay,  and  (5)  four  9-acre  fields 
of  permanent  or  semipermanent  pasture.  The  objection  to  this  plan 
is  the.  increased  liability  to  stomach- worm  diseases  resulting  from  too 
long  continued  pasturing  on  the  same  fields. 

Financial  returns  to  be  expected. 

Having  planned  this  farm  as  a  sheep  farm  and  having  arranged 
to  handle  the  flock  by  a  method  common  on  Illinois  farms,  the  returns 
that  may  be  expected  from  this  type  of  farming  may  be  considered. 
The  sources  of  income  and  the  gross  returns  that  may  be  expected  are 
about  as  follows : 

136  lambs,  at  $4  each ?544. 00 

139  fleeces,  at  $1.50  each 20&  50 

2  colts,  at  $50  each 100. 00 

2  calTes,  at  $5  each 10. 00 

Total  returns 862. 50 

These  returns  are  not  particularly  attractive,  though  nearly  double 
what  the  farm  is  now  paying.  They  hardly  pay  wages  and  interest 
on  the  investment.  Had  the  owner  not  don^  some  such  preliminary 
figuring  as  here  recorded,  he  might  have  gone  into  the  sheep  business 
somewhat  along  the  usual  lines,  as  outlined  above,  to  his  considerable 
disappointment. 

Pasturacre  responsible  for  low  returns. 

An  examination  of  the  crop  acreages  required  to  support  this  flock 
of  139  sheep  indicates  the  reasons  for  the  comparatively  low  returns 
from  this  type  of  farming.  Comparatively  low-priced  crops  are 
grown.  More  than  half  the  farm  is  in  pasture.  One-fourth  of  it  is 
in  hay.  This  is  too  large  a  proportion  of  high-priced  land  in  cheap 
crops  for  profit 

There  are  other  types  of  sheep  farming  much  better  adapted  to  this 
high-priced  land.    If  a  four-year  rotation  of  com,  oats,  hay,  and 
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pasture  were  adopted,  only  half  the  number  of  sheep  kept,  and  the 
surplus  grain  and  hay  sold,  the  income  would  be  increased  from 
$862.50  to  $1,045. 

Again,  if  a  four-year  rotation  of  (1)  com,  (2)  com,  (3)  oats,  and 
(4)  clover  for  hay  were  adopted,  cowpeas  sown  in  one  cornfield  at  the 
time  of  planting,  rape  sown  in  the  other  at  the  time  of  laying  by 
the  corn,  the  first  crop  of  clover  cut  for  hay  and  the  second  used  for 
pasture,  and  a  good  quality  of  western  lambs  bought  in  September 
at  the  average  Chicago  price  for  the  past  five  years  ($5.87)  and 
pastured  on  the  clover,  cowpeas,  rape,  and  standing  corn,  then  fed 
clover  hay  and  com  imtil  February  and  sold  at  the  average  Chicago 
price  for  the  past  five  years  ($7.44),  the  income  from  the  farm  after 
deducting  the  usual  expenses  for  freight,  commission,  etc.,  would  be 
about  $2,065,  This  increased  return  is  due  primarily  to  the  fact  that 
three-fourths  of  the  farm  each  year  is  in  grain,  while  during  the 
latter  part  of  the  season  practically  the  whole  farm  is  used  for  pas- 
ture. This  system  of  sheep  farming,  besides  taking  more  than  $2,500 
extra  capital  for  purchase  of  lambs,  requires  executive  ability  of  a 
high  order.  It  serves,  however,  to  bring  out  the  value  of  studying 
carefully  the  type  of  farming  one  is  following  for  profit 

PI.AN  5.— A  HOQ  FABM. 

The  returns  that  may  be  expected  on  this  80-acre  farm  from  mak- 
ing hogs  the  main  source  of  income  and  by  following  one  of  the 
better  plans  of  hog  raising  will  now  be  considered. 

Pasture  crops  desirable  for  hogs. 

A  bushel  of  corn  fed  to  hogs  on  a  dry  lot  or  in  a  pen  will  produce 
on  an  average  10  pounds  of  pork.  The  same  com  fed  in  connection 
with  bluegrass,  clover,  or  other  suitable  pasture  will  produce  30  per 
cent  more  pork ;  besides  the  hogs  will  be  healthier,  and  there  will  be 
much  less  danger  from  disease  in  the  pastured  hogs. 

In  replanning  the  80-acre  farm  here  under  consideration  as  a  hog 
farm,  therefore,  suitable  pasture  crops  will  be  provided  throughout 
the  season.  An  acre  of  clover  pasture  or  its  equivalent  should  carry, 
when  at  its  best,  12  to  20  hogs.  In  the  present  plan  it  is  assumed 
that  each  brood  sow  on  the  farm  will  have  one  litter  of  6  pigs  a 
season,  probably  in  April,  and  that  15  bushels  of  corn  will  carry  a 
sow  a  year  or  produce  a  pig  weighing  200  pounds  by  December. 

Cropping  plan. 

While  a  ewe  and  her  lamb  in  the  farm  system  presented  in  plan  4 
will  scarcely  eat  130  pounds  of  grain  a  season,  two  pigs  will  eat  1,680 
pounds  of  grain,  or  more  than  twelve  times  as  much  as  the  sheep. 
Sheep  are  primarily  grass  eaters.    Hogs  economically  consume  largo 
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quantities  of  grain.  At  the  outset,  then,  it  is  seen  that  a  hog  farm 
must  provide  an  abundance  of  grain,  and  in  central  Illinois  that 
grain  is  com. 

In  order,  therefore,  to  grow  as  large  an  area  of  com  as  possible 
and  still  follow  a  rotation  of  crops  that  will  not  permit  of  com  being 
planted  on  the  same  field  oftener  than  two  years  in  succession,  with 
two  years  intervening  before  another  com  crop  is  planted  on  the 
same  field  (for  reasons  that  have  been  explained  in  plan  3),  only 
one-half  of  the  farm  at  most  can  be  put  into  com  in  a  four-year 
rotation. 

If  there  is  set  aside,  therefore,  as  in  all  the  plans  heretofore  con- 
sidered, about  8  acres  for  the  house,  bam,  orchard,  garden,  and 
permanent  pasture  for  the  cows,  calves,  and  colts,  there  will  remain 
72  acres  on  which  to  grow  crops  for  the  fixed  stock  and  the  hogs. 

This  area  may  be  divided  into  four  fields  of  18  acres  eadi  and  a 
rotation  followed  of  (1)  com,  (2)  corn,  (3)  oats,  and  (4)  clover, 
exactly  as  discussed  in  plan  3.  The  important  difference  in  the  two 
plans  is  that  instead  of  selling  off  the  com,  as  in  plan  3,  it  will  be  fed 
on  the  place.  The  grain  will  be  made  into  pork  and  the  farm  built 
up  in  productiveness  considerably  more  rapidly  than  where  all  the 
corn  is  sold. 

In  the  management  of  the  fields  the  following  general  plan  will 
be  followed :  One  field  of  com  will  be  drilled  in  rows  instead  of  check- 
rowed  and  with  the  corn  will  be  planted  about  a  peck  of  coWpeas. 
At  the  last  cultivation  of  the  corn  a  mixture  of  rye  and  rape  will  be 
sown  in  the  corn  to  furnish  additional  green  feed  for  the  hogs  in  the 
fall.  With  the  aid  of  movable  fences  this  field  of  corn,  cowpeas,  rye,* 
and  rape  will  be  harvested  by  the  hogs  themselves,  the  hogs  being 
turned  into  the  field  early  in  September  of  each  year. 

The  following  year  this  field  of  corn,  enriched  by  the  planting  of 
cowpeas,  the  pasturing  off  of  the  whole  field  with  hogs,  and  the  plow- 
ing under  of  the  excess  stubble  and  straw,  will  again  be  planted  to 
corn.  The  third  year  the  field  will  be  seeded  to  oats  and  clover  and 
the  oats  cut  for  grain.  The  fourth  year  the  field  will  be  in  clover. 
A  part  of  the  clover  will  be  pastured  by  hogs,  part  wifl  be  cut  for 
seed,  and  a  portion  of  the  field  plowed  and  seeded  to  a  mixture  of 
sorghum  and  rape  for  midsummer  pasture,  a§  outlined  in  detail 
farther  along  in  this  bulletin. 

Conditions  assumed. 

In  this  plan,  as  in  the  others,  it  is  assumed,  in  accordance  with 
reasons  previously  stated,  that  by  the  use  of  400  pounds  of  bone  meal 
or  its  equivalent  per  acre  on  the  corn  and  the  growing  of  clover  or 
an  equivalent  legume  crop  on  the  land  once  every  three  or  four  years 
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in  systematic  rotation,  the  com  yield  can  be  made  to  average  on  the 
farm  in  question  60  bushels  and  oats  40  bushels  per  acre. 

For  this  type  of  farm  also,  as  in  previous  plans,  about  4  work 
mares,  2  cows,  2  colts,  2  calves,  and  in  addition  1  boar  will  be  kept. 
The  grain  required  for  this  stock  will  be,  as  shown  on  page  11,  23,940 
ix)unds.  In  order  to  reserve  as  much  corn  as  possible  for  the  hogs, 
this  stock  will  be  fed  680  bushels  of  oats — reserving  40  bushels  for 
seed — which  falls  short  2,180  pounds  of  the  required  quantity.  It 
will  take  40  bushels  of  com  to  make  up  this  deficiency.  In  addition, 
15  bushels  of  corn  for  the  boar  should  be  added. 

Kumber  of  brood  sows  that  can  be  kept. 

Thirty-six  acres  of  corn  are  grown  in  all  and  only  1  acre  of  it  is 
required  for  seed  and  for  extra  feed  for  the  fixed  stock.  It  will  there- 
fore be  safe  to  calculate  roughly  on  about  35  acres  of  com  that  may 
be  fed  to  hogs.  But  it  has  been  assumed  that  each  brood  sow  and 
each  of  her  6  pigs  will  consume  on  the  average  15  bushels  of  corn; 
therefore  the  total  quantity  consumed  by  1  brood  sow  and  litter — 
7  pigs  in  all — will  be  105  bushels.  At  60  bushels  of  com  per  acre  105 
bushels  represents  1.75  acres  of  corn  required  for  each  brood  sow  and 
litter;  35  acres  of  corn  land,  then,  will  support  20  brood  sows  and 
their  litters. 

Pasture  for  hogs. 

From  the  time  clover  pasture  is  ready  in  the  spring  until  about 
June  1  the  hogs  will  be  pastured  on  5  acres  of  an  18-acre  field  of 
clover  fenced  off  with  a  temporary  hog  fence.  Up  to  about  June  1 
the  suckling  pigs  running  with  the  sows  do  not  need  much  pasture, 
and  this  5  acres  of  young  clover  will  furnish  them  and  the  sows  all 
they  will  need.  After  removing  the  hogs  from  this  5  acres  the  clover 
will  come  on  and  later  be  cut  for  seed.  About  June  1  the  hogs  will 
all  be  transferred  to  7  acres  of  clover  adjacent,  now  in  prime  condi- 
tion for  pasture,  and  kept  on  it  until  about  July  15. 

To  furnish  fresh  prime  pasture  for  the  hogs  from  about  July  15, 
when  the  clover  is  past  its  prime,  up  to  the  time  when  the  corn  is 
ready  to  be  hogged  off,  6  acres  of  the  18-acre  clover  field  will  be 
plowed  up  about  May  1  and  planted  in  sorghum  and  rape.  About 
July  15  the  temporary  fence  next  to  this  sorghum  and  rape  pasture 
will  be  removed  and  the  hogs  given  the  run  of  the  pasture  they  are 
already  on  and  in  addition  the  6  acres  of  sorghum  and  rape.  This 
will  furnish  ample  green  feed  for  the  hogs  until  September  15,  when 
all  but  the  sows  will  be  turned  in  on  a  portion  of  the  18-acre  corn- 
field planted  with  peas  and  later  sown  to  rye  and  rape. 

The  corn  plant  vill  have  considerable  feeding  value  for  the  hogs 
in  September,  but  as  the  stalks  become  more  woody  the  cowpeas, 
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rye,  and  rape  will  furnish  the  necessary  green  feed  and  the  com  and 
cowpeas  will  famish  the  grain.  As  the  hogs  clean  up  one  portion 
of  the  cornfield  the  portable  fence  will  be  moved  and  another  pcnrtion 
added,  and  by  the  time  the  entire  field  is  cleaned  up  the  hogs  will 
be  ready  for  mai^et 

In  handling  the  clover  crop  for  seed  it  is  quite  desirable  that  the 
clover  be  pastured  off  until  about  June  1  in  central  Illinois.  The 
5-acre  field  of  clover  that  the  hogs  were  pastured  on  earliest  in  the 
season  has  been  handled  so  as  to  fulfill  this  condition,  as  shown  in 
plan  2;  therefore  it  may  be  cut  for  seed  in  late  August  Aftar 
the  clover  field  has  been  cleared  of  the  hogs  which  were  turned  into 
the  cornfield  and  after  the  clover  for  seed  has  been  harvested,  the 
sows  and  boars  may  be  given  the  run  of  the  entire  18-acre  field  until 
cold  weather  or  until  the  field  is  plowed  in  the"  fall  for  the  next  year's 
crop. 

Financial  retuma  to  be  expected. 

The  gross  returns  that  may  be  expected  from  the  80-acre  farm  as 
here  planned  are  about  as  follows: 

120  hogs,  200  pounds  each,  at  5i  cents $1,  S20 

5  acres  of  clover  seed,  15  bushels,  at  $6 90 

2  colts,  at  $50  each 100 

2  calves,  at  $5  each 10 

Total  gross  returns 1,520 

From  this  total  must  be  deducted  for  the  first  few  years  about  $175 
each  year  for  bone  meal  for  the  com,  leaving  $1,340  to  pay  interest  on 
the  investment,  wages,  and  expenses. 

One  of  the  interesting  features  of  these  results  is  that  they  are 
about  $478,  or  55  per  cent,  better  than  when  the  farm  is  handled  in 
the  ordinary  way  as  a  sheep  farm.  Another  fact  worth  noticing  is 
that  while  the  returns  for  hogs  are  not  much  greater  than  where  the 
farm  is  run  in  a  similar  way  without  hogs,  all  the  com  is  fed  on  the 
place.  This  practice,  together  with  the  practice  of  sowing  cowpeas, 
rape,  and  rye  in  the  com  and  pasturing  it  off,  will  tend  rapidly  to 
build  up  the  farm,  so  that  in  time  even  larger  yields  of  crops  than 
here  assumed  would  be  easily  possible. 

It  will  also  be  noticed  that  each  field  has  a  leguminous  crop  on  it 
three  out  of  the  four  years  over  which  the  rotation  runs  and  that  the 
field  of  com  that  was  hogged  off  has  practically  everything  that  was 
grown  on  the  land  left  on  it.  The  fertilizer  bill  may  be  reduced 
materially  and  at  the  same  time  the  yields  largely  increased.  The 
labor  of  gathering  the  com  is  saved,  and  the  experience  of  some  of 
the  most  successful  hog  raisers  demonstrates  that  there  is  not  enough 
waste  of  grain  in  this  method  of  harvesting  to  offset  the  wages  for  the 
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necessary  labor  to  gather  the  com.  Most  of  the  labor  on  this  farm 
can  be  performed  by  one  man.  The  necessary  extra  equipment  for 
hog  raising  on  the  farm  is  comparatively  inexpensive.  This  type  of 
farming  is  very  attractive  to  a  great  many  farmers  because  usually 
the  hog  requires  less  attention  than  most  other  farm  animals. 

For  a  detailed  account  of  a  successful  80-acre  hog  farm  in  Illinois 
on  which  the  annual  income  available  for  general  expenses,  family 
income,  etc.,  was  $2^284,  see  Farmers'  Bulletin  272. 

FLAN  6.— A  DAIBY  FABM. 
General  considerations  on  dairy  farming. 

With  good  cows  and  good  management  dairy  farming  is  one  of 
the  most  profitable  types  of  stock  farming;  but  with  poor  cows  and 
ordinary  management  there  is  no  money  in  dairying. 

It  is  not  profitable  to  pasture  cows  on  high-priced  land  and  sell 
butter  for  25  cents  \  pound ;  it  requires  too  much  land  for  pasture, 
about  2  acres  for  each  cow  kept. 

Feeding  silage  to  dairy  cows  the  year  around  has  been  found  to 
be  as  satisfactory  as  regards  milk  yield  and  butter  production  as 
soiling  in  summer  and  silage  in  winter,  and  more  convenient.  By 
either  of  these  methods  many  more  cows  can  be  kept  on  a  farm  of 
given  size  and  more  profit  made  than  by  the  pasture  system. 

The  most  frequent  sources  of  loss  in  the  dairy  business  are  poor 
cows,  low  crop  yield,  and  inadequate  rations.  Home-grown  feeds 
usually  need  to  be  supplemented  with  such  feeds  as  cotton-seed  meal, 
gluten  feed,  or  oil  meal  in  compounding  rations  for  dairy  cows  which 
shall  result  in  maximum  milk  and  butter  production. 

With  purchased  feeds  and  the  manure  handled  properly  and  put 
back  on  the  land,  dairy  farming  is  one  of  the  most  certain  methods 
known  for  building  up  a  farm  to  a  high  state  of  productivity. 

Conditions  assumed. 

It  is  assumed  that  if  a  man  is  going  into  dairying  he  will  read  up 
the  business  and  make  a  thorough  study  of  all  the  details  of  good 
cows,  effective  rations,  proper  herd  management,  suitable  cropping 
systems,  efficient  methods  of  caring  for  and  applying  manure,  and 
other  like  factors  of  importance.  It  is  assumed  that  he  will  keep  a 
herd  of  well-bred  grade  dairy  cows,  each  of  which  will  produce  6.000 
jK>unds  of  milk  or  make  280  pounds  of  butter  a  year. 

Since  it  is  difficult  to  buy  cows  of  this  type  whenever  wanted,  it 
is  assumed  that  heifers  will  be  raised  for  the  purpose  and  that  on  the 
average  there  will  be  about  one-fourth  as  many  heifer  yearlings  and 
one- fourth  as  many  heifer  calves  as  there  are  milch*  cows,  or  in  all  one- 
half  as  many  young  stock  as  there  are  cows  in  the  herd. 
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The  problem  is,  How  many  cows  with  corresponding  young  stock 
will  this  farm  of  80  acres  support?  To  answer  this  it  is  first  neces- 
sary to  know  how  much  fixed  stock,  like  horses,  colts,  bulls,  etc^  will 
be  kept  and  what  this  fixed  stock,  the  young  stock,  and  the  dairy  herd 
will  be  fed. 

Fixed  stock  on  dairy  farm. 

As  in  previous  plans,  it  will  be  assumed  that  four  brood  mares  will 
be  kept  on  the  place  and  two  colts  raised  each  season,  and  one  bull 
kept  for  herd  use. 

Feeding  system  for  stock. 

Horses  and  colts. — The  horses,  as  heretofore,  will  be  fed  an  average 
of  15  pounds  of  corn  and  10  pounds  of  clover  hay  daily,  with  all  the 
cornstalks  they  will  eat  throughout  the  year.  The  colts  will  be  fed 
1^  pounds  of  clover  hay  for  120  days  of  the  year  and  1  i>ound  of  oats 
for  about  300  days.  ^ 

Cows, — The  daily  ration  for  the  cows  will  average  for  the  year  as 
follows :  35  pounds  of  com  silage,  7  pounds  of  clover  hay,  3  pounds  of 
com-and-cob  meal,  2  pounds  of  oats,  and  1  pound  of  cotton-seed  meaL 
Corn  stover  in  small  amounts  will  be  fed  in  addition. 

The  above  combination  of  feeds  will  afford  a  well-balanced  raticm 
for  cows  giving  6,000  pounds  of  milk  a  year.  All  the  grain  will  be 
grown  on  the  place  except  the  cotton-seed  meal,  or  its  equivalent, 
which  will  be  bought.  The  grain  will  be  mixed  in  about  the  propor- 
tions above  indicated. 

The  quantity  fed  to  one  cow  at  any  particular  time  will  depend  on 
the  amount  of  milk  the  cow  is  giving.  Roughly  speaking,  a  pound 
of  mixed  grain  will  be  fed  for  every  3  or  3^  pounds  of  milk  given. 
Thus,  if  the  cow  is  giving  30  pounds  of  milk  a  day  10  pounds  of 
grain  will  be  fed;  if  she  gives  only  15  pounds  a  day  then  only  5 
pounds  will  be  fed.  The  average  for  the  whole  year  for  one  cow  will 
be  about  as  shown  above. 

Yearlings, — The  yearlings  from  about  May  1  to  October  31,  184 
days,  will  run  at  pasture  and  will  receive  on  the  avei^age  about  4J 
pounds  of  hay  daily  in  addition.  It  is  estimated  that  each  yearling 
will  require  on  the  average  1  acre  of  pasture  for  its  support.  From 
November  1  to  April  30, 181  days,  the  yearlings  will  be  fed  12  pounds 
of  silage,  10  pounds  of  hay,  and  2  pounds  of  com-and-cob  meal  daily. 

Calves, — The  heifer  calves  that  are  kept  will  be  allowed  to  run  at 
pasture  for  about  six  months,  or  180  days,  of  the  year,  and  one-half 
acre  of  pasture  will  be  allowed  for  each  calf.  They  will  be  fed 
in  addition  about  5  pounds  of  hay  daily  throughout  the  year.  Sup- 
plementing the  hay  .for  about  three  months  they  will  receive  6  pounds 
of  corn  silage.     One  pound  of  corn-and-cob  meal  per  head  will  be 
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fed  for  about  six  months  of  each  year,  with  a  little  oil  meal  in  addi- 
tion. About  2,000  pounds  of  skim  milk  will  be  fed  each  calf  raised. 
Bull. — The  bull  will  be  fed  about  2  pounds  of  corn,  2  pounds  of 
oats,  a  half  pound  of  oil  meal,  6  pounds  of  hay,  and  25  pounds  of 
silage  a  day. 

Yields  to  be  expected. 

As  in  previous  plans,  average  yields  of  60  bushels  of  com  or  12 
tons  of  silage,  40  bushels  of  oats,  and  2  tons  of  hay  per  acre,  when 
fairly  started  as  a  dairy  farm,  are  assumed. 

Acreage  required  for  fixed  stock  and  for  buildings. 

The  grain  and  hay  required  for  the  horses,  colts,  and  one  bull,  and 
the  land  required  to  grow  these  crops  on,  calculated  from  the  feeding 
data  and  assumed  yields  per  acre  previously  given,  are  as  follows : 

Com :  Pounds.        Acres. 

4  horses,  15  pounds,  365  days 21,  000 

1  bull,  2  pounds,  365  days 730 

Total  com ^ 22, 630  or  6.  735 

Com  silage: 

1  bull,  25  pounds,  365  days 9,125    or    .380 

Oats: 

2  colts,  1  pound,  300  days 600 

1  bull,  2  pounds,  365  days 730 

Total  oats 1,330  or  1.030 

Hay: 

4  horses,  10  pounds,  365  days 14,600 

2  colts,  li  pounds,  120  days • 360 

•    1  bull,  6  pounds,  365  days 2, 190 

Total  hay 1 17,150  or  4.287 

Total  area  required  for  fixed  stock 12.  441 

From  the  above  table  it  is  seen  that  about  7.115  acres  of  corn, 
1.039  acres  of  oats,  and  4.287  acres  of  hay,  or  a  total  of  12.441  acres  of 
land,  will  be  required  to  grow  crops  for  the  fixed  stock  on  the  farm. 
To  this  must  be  added  the  land  devoted  to  orchard,  garden,  buildings, 
and  exercise  lot  for  the  cattle,  or  about  4  acres,  making  in  all  prac- 
tically 17  acres.  This  subtracted  from  80  acres  leaves  63  acres  on 
which  to  support  the  cows  and  young  stock  of  the  farm. 

The  number  of  stock  that  this  area  will  support  may  next  be 
determined. 

Number  of  cows  and  young  stock  that  can  be  kept. 

To  determine  how  many  cows  and  young  stock  can  be  kept  on  this 
63  acres  it  is  first  necessary  to  determine  how  much  land  is  required 
to  keep  one  cow  and  one-half  as  much  young  stock. 
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Feed  consumed  by  one  cow  and  corresponding  young  yearly. 

Based  on  the  rations  already  assumed,  the  quantity  of  feed  required 
by  one  cow  and  corresponding  young  and  the  acreage  required  to  grow 
the  same  on  the  farm  are  shown  in  the  following  table : 

Table  4. — Feed  and  acreage  required  for  each  cote  and  corresponding  young. 


Kind  of  feed  required. 


Cornsilase 

Corn-andHwb  meal . 

Oats 

Clover  hay 

CotUm-seed  meat. 


Fasturase. 


Cow.a 


Pound*. 

12,775 

1,095 

730 

2,555 

365 


Year- 
lings.fr 


Pounds. 
543.0 
9a5 


650.5 


Acre. 
0.25 


Calves.ft 


Pound*. 

135.0 

45.0 


456.3 


Acrt. 
0.125 


Total 
feed  re- 
quired. 


iiiigto 

total 

feed  re- 

quired.c 


Pound*. 
13,453wO 

l,23a5 
730.0 

3, 67a  8 


Act**, 
&5fil 


9iS 


3:5 


2.711 


«  The  amount  of  each  feed  required  for  a  cow  per  year  is  obtained  by  multiplying  by  365 
the  average  quantitv  of  feed  consumed  daily,  as  shown  on  p.  28. 

»  The  quantity  or  feed  required  by  the  yearlings  and  calves  corresponding  to  one  cow 
will  be  the  quantity  fed,  as  shown  in  the  rations  assumed,  p.  28,  multiplied  by  tbe  nonber 
of  days  each  feed  is  given,  and  the  sum  divided  by  4,  since  there  are  only  one^ourth  as 
manv  yearlings  and  one-fourth  as  many  calves  as  there  are  cows  in  the  herd. 

«  The  acreage  of  each  crop  required  for  one  cow  and  corresponding  young  is  determined 
by  dividing  the  amount  of  feed  required,  as  shown  in  column  4,  by  the  yield  per  acre  (as 
assumed  on  p.  28).  It  is  estimated,  also,  that  1  bushel  of  com  will  produce  yO  pounds  of 
corn-and-cob  meal,  or  4,200  pounds  per  acre. 

The  last  column  of  the  above  table  shows  that  the  area  of  land 
required  to  grow  the  crops  for  the  maintenance  of  one  cow  and  corre- 
sponding young  is  2.717  acres.  On  page  29  it  was  shown  that  63 
acres  of  the  farm  are  available  for  cows  and  young  stock.  This  area 
will  therefore  support  23.2  cows. 

Omitting  the  fraction  for  the  sake  of  convenience,  it  may  be  as- 
sumed that  the  farm  will  support  about  23  cows  and  12  head  of 
young  stock  and  that  it  will  produce  all  the  grain  and  hay  required 
for  them  except  about  4.25  tons  of  cotton-seed  meal  or  oil  meal,  which 
must  be  purchased  at  a  cost  of  about  $32  per  ton,  or  $136. 

Acreage  of  crops  required  for  feed. 

With  the  data  given  in  the  last  column  of  Table  4,  which  diows 
the  acreage  of  each  crop  grown  for  feed  required  for  the  support  of 
one  cow  and  corresponding  young,  it  will  be  easy  to  calculate  the 
acreage  required  for  the  whole  herd.  Thus,  in  the  case  of  com  silage, 
if  0.561  acre  is  required  for  1  cow  and  young,  23  cows  wiU  require 
12.9  acres. 

The  acreage  thus  obtained  for  all  the  crops  grown  for  the  herd  of 
23  cows,  as  well  as  the  acreages  of  the  different  crops  required  for 
the  fixed  stock  on  the  place,  as  shown  on  page  29,  are  given  in  the 
following  table: 
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Table  5. — Acreage  of  crops  required  to  be  grown  on  the  farm. 


Kind  of  feed  required. 


Cbrasliaga... 
Com  for  grain . 

Oats 

Clover  hay 

Pasture 


Total  acreage. 


Acreage  re- 
quired for 
each  cow 
and  corre- 
sponding 
young. 


Acre». 
a  561 
.293 
.670 
.918 
.375 


Acreage 
required 
for  herd. 


Acreage 

required 

for  fixed 

stock. 


Acres. 

Aeret. 

ACT€». 

12.90 

0.38 

13.28 

6.74 

6.74 

13.48 

13.11 

1.04 

14.15 

21.11 

4.20 

25.40 

8.63 

8.63 

62.49 



74.04 

Total 
acreage 

to  be 
grown. 


From  the  last  column  in  the  above  table  it  will  be  seen  that  it  will 
be  necessary  to  grow  on  the  farm  each  year  for  the  herd  and  fixed 
stock  13.28  acres  of  com  for  silage  and  13.48  acres  of  corn  for  grain, 
or  26.76  acres  of  corn  in  all,  14.15  acres  of  oats,  25.4  acres  of  clover 
hay,  and  8.63  acres  of  pasture. 

Botation  to  be  followed. 

For  practical  purposes  of  rotation  it  may  be  assumed  that  the 
acreages  required  for  the  different  crops  in  round  numbers  are  as  fol- 
lows: Corn,  27  acres;  oats,  15  acres;  hay,  25  acres;  pasture,  9  acres; 
total,  76  acres.  ^Vhile  on  a  dairy  farm,  where  an  abundance  of  stable 
manure  is  available,  systematic  rotation  is  not  so  essential  as  on  a 
grain  farm,  yet  rotation  is  always  good  farm  practice.  In  the  pres- 
ent  instance  it  will  be  easy  to  fit  the  crops  required  to  a  four-year  rota- 
tion. For  this  purpose  the  76  acres  may  be  divided  into  4  fields  of  19 
acres  each  and  the  following  cropping  plan  adopted  on  each  field : 

First  year,  19  acres  of  com,  well  manured. 

Second  year,  19  acres  of  oats,  4  acres  cut  for  hay,  whole  field  seeded  down. 

Third  year.  19  acres  of  hay. 

Fourth  year,  19  acres — 9  of  pasture,  2  of  hay,  and  S  of  com. 

This  scheme  would  require  movable  fencing  for  the  9-acre  pasture. 
The  crops  in  all  the  fields  for  the  entire  period  of  the  rotation 
would  be  as  shown  in  the  following  diagram : 


Year 

Field  A  (19  acres). 

Field  B  (19  acres). 

Field  C  (19  acres). 

Field  D  (19  acres). 

First 

Com. 

Oats  (4  acres  cut  for 
hay). 

Hay. 

9  acres  of  pasture. 
2  acres  of  nay. 
8  acres  of  corn. 

Second 

Oats  (4  acres  cut  for 
hay)- 

Hay. 

9  acres  of  pasture. 
2  acres  of  nay. 
8  acres  of  com. 

Com. 

Third 

Hay. 

9  acres  of  pasture. 
2  acres  of  bay. 
8  acres  of  corn. 

Cora. 

Oats  (4  acres  cut  for 

bay). 

Foorth 

9  acres  of  pfuture. 
2  acres  of  haj. 
8  acres  of  com. 

Com. 

Oats  (4  acres  cut  for 
hay). 

Hay. 
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Financial  returns  to  be  expected. 

The  gross  returns  that  may  be  expected  from  a  dairy  farm  on  which 
23  good  cows  are  kept  may  now  be  estimated  about  as  follows : 

280  pounds  of  butter  from  each  of  23  cows,  at  25  cents $1, 610 

100,000  pounds  of  skim   mUk,  at  20  cents  per  hundred- 
weight          200 

16  calves,  at  $5  each 80 

2  colts,  at  $50  each 100 

Total  gross  Income 1,990 

From  this  gross  income  must  be  deducted  $136  for  cotton -seed  meal 

or  oil  meal,  leaving  $1,854  as  a  gross  return  for  the  80-acre  dairy 

farm. 
If  milk  were  sold  instead  of  butter  and  4  cents  a  quart  received,  the 

returns  would  be. about  as  follows: 

61,000  quarts  of  milk,  at  4  cents $2,440 

16  calves,  at  $5  each 80 

2  colts,  at  $50  each 100 

Total  gross  Income 2,620 

Deducting  from  this  gross  income  $136  for  concentrated  feed,  as 
before,  leaves  $2,484  to  pay  the  expenses,  interest,  and  labor  of  the 
farm.  The  calves  that  are  kept  will  about  offset  the  decreased  value 
of  the  herd  from  year  to  year. 

Labor  item  on  a  dairy  farm. 

Wliile  these  returns  for  the  dairy  farm  appear  larger  than  for  any 
other  type  of  farming  they  are  not  so  in  reality,  because  it  requires 
more  labor  on  this  type  of  farm  than  on  any  of  the  types  previously 
considered.  It  will  require  the  labor  of  the  owner  and  one  other  man 
the  year  around,  and  during  the  growing  season  at  least,  or  about 
seven  months  of  the  year,  a  second  man  will  have  to  be  employed. 
The  cost  of  this  extra  labor  to  the  owner  will  be  at  least  $40  a  month, 
including  board,  for  each  hired  man,  or  about  $760.  This  would 
reduce  the  gross  income  from  the  farm  when  butter  is  made  from 
$1,854  to  $1,094,  and  when  milk  is  sold,  from  $2,484  to  $1,724.  At 
5  cents  a  quart  tho  gross  income  after  deducting  these  same  items 
would  be  $2,334. 

Increased  investment  necessary  in  dairy  fawning. 

A  further  item  necessary  to  take  into  consideration  in  the  dairy 
type  of  farming  is  the  considerable  increase  in  investment  necessary. 
Each  cow  in  the  herd  of  the  character  here  planned  for  costs  at  least 
$75.  The  cows,  with  the  bull  and  young  stock,  represent  an  invest- 
ment of  at  least  $2,000.  To  this  must  be  added  a  suitable  stable  and 
about  two  90-ton  silos,  which  would  represent  an  investment  of  at 
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least  $1,500.  In  addition,  a  silage  cutter,  a  milk  separator,  and  other 
equipment  would  make  in  all  an  extra  investment  for  dairy  farming 
over  the  ordinary  grain  type  of  nearly  $4,000.  It  is  a  system,  how- 
ever, in  which  the  returns  begin  to  come  in  at  once  and  furnishes  a 
cash  income  uniformly  throughout  the  year. 

Increased  productiveness  of  a  dairy  farm. 

^Vhile  the  labor  bill  and  the  investment  are  necessarily  considerably 
increased  in  dairy  farming,  there  is  also  a  compensating  feature.  As 
all  the  crops  grown  on  the  farm  are  fed  on  the  farm  and  additional 
grain  bought  and  fed  besides,  the  productiveness  of  the  farm  after 
the  system  has  once  fairly  been  put  in  operation  will  tend  gradually 
to  increase.  In  time  every  acre  of  land  on  the  farm  ought  to  be  capa- 
ble of  producing  an  average  of  90  bushels  of  com  or  3  tons  of  hay  to 
the  acre.  This  would  permit  an  increase  in  the  size  of  the  herd,  so 
that  the  profits  would  increase  as  the  plan  was  continued.* 

STTMMABY  OF  EETTJENS  FEOH  DnTERENT  TYPES  OF  FABHINO. 

A  brief  survey  may  now  be  taken  of  the  differences  in  income  which 
may  be  obtained  from  the  same  farm  from  the  six  different  types  of 
farming  herein  outlined.  In  all  the  types  considered  one  man  would 
be  able  to  do  practically  all  the  work  of  the  farm,  except  in  rush  sea- 
sons and  in  the  case  of  dairy  farming,  and  in  one  phase  of  sheep  farm- 
ing where  two  and  sometimes  three  men  would  be  required.  Had  the 
owner  of  the  farm  two  or  three  sons  to  help  him,  more  intensive  types 
of  farming  than  here  outlined  would  have  been  planned. 

The  gross  income  frcmi  each  of  the  different  types  of  farming,  after 
deducting  the  cost  of  fertilizers  or  feeding  stuffs,  is  assembled  below 
for  comparison. 

Farm  as  managed  at  present $450 

(1)  Farm  planned  as  a  grain  and  hay  farm,  three-year 
rotation 1, 149 

(2)  Farm  planned  as  a  grain  and  clover-seed  farm 1,197 

(3)  Farm  planned  as  a  grain  and  hay  farm,  four-year  ro- 
tation   1,280 

(4)  Farm  planned  as  a  sheep  farm: 

(a)  Pasture  system 862 

(b)  Small  flock 1,045 

(c)  Lamb    feeding 2,005 

(5)  Farm  planned  as  a  hog  and  clover-seed  farm 1,340 

(6)  Farm  planned  as  a  dairy  farm : 

(a)  Butter,  sold  at  25  cents  (less  extra  labor) 1,094 

(b)  Milk,  sold  at  4  cents  a  quart  (less  extra  labor) 1,724 

(c)  Milk,  sold  at  5  cents  a  quart  (less  extra  labor) 2,334 

"  For  a  detailed  account  of  a  15-acre  dairy  farm  in  Pennsylvania  which  sup- 
ported 17  dairy  cows  and  returned  a  gross  profit  of  $1,775,  see  Farmers'  Bulle- 
tin 242. 
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An  examination  of  the  figures  shows  the  returns  for  the  different 
types  to  vary  from  $450  as  now  managed  to  $2,334  per  annum  in  the 
case  of  dairy  farming,  indicating  a  wide  variation  in  the  returns  pos- 
sible from  the  same  farm  by  different  systems  of  farming.  These 
data  emphasize  the  importance  of  studying  closely  the  organization 
of  a  farm  and  the  plan  on  which  it  is  operated.  If  a  com-and-oit 
rotation  of  crops  brings  in  but  $450  a  year  and  by  the  use  of  clover 
and  a  little  fertilizer  the  returns  can  be  increased  by  $600  or  $800 
without  additional  machinery  or  hired  help,  then  a  revision  of  the 
system  of  farming  would  seem  worth  while.  By  combining  some  of 
the  types  here  considered  and  by  introducing  other  modifications  the 
returns  might  be  still  further  increased. 

Generally  speaking,  grain  farming  with  a  rotation  of  crops  and  the 
intelligent  use  of  fertilizers  is  about  as  profitable  a  type  of  farming 
as  any  of  the  ordinary  forms  of  stock  raising.  The  following  &cts, 
however,  should  be  considered  in  this  connection.  The  fertilizer  bills 
in  the  grain  and  hay  types  of  farming  must  be  indefinitely  continued, 
and  as  the  years  go  by  will  probably  have  to  be  revised.  Quite  cer- 
tainly lime  will  be  needed  in  addition  to  the  phosphates  applied  if  the 
yields  assumed  are  maintained.  On  the  other  hand,  in  the  live-stock 
types  of  farming,  particularly  dairy  farming,  the  fertilizer  bills 
will  grow  less  instead  of  increasing,  while  at  the  same  time  the  land 
will  be  growing  more  productive,  and  instead  of  average  yields  of  60 
bushels  of  com  and  2  tons  of  hay  per  acre  considerably  larger  yields 
than  these  may  be  confidently  expected. 

FLAHS  GIVEN  NOT  MODEL  PLANS. 

The  plans  suggested  in  this  bulletin  are  neither  complete  nor  are 
they  models  to  follow.  Their  purpose  is  to  show  primarily  that  the 
income  from  the  same  farm  can  be  doubled,  trebled,  or  often  quad- 
rupled by  simply  changing  the  system  of  farming  and  dropping  the 
crops  or  practices  that  do  not  pay  and  substituting  for  them  some- 
thing that  does  pay. 

The  real  purpose  of  the  plans  here  made  in  some  detail  is  to  illus- 
trate various  ways  of  thinking  about  the  farm  when  the  time  comes 
for  replanning  it  for  profit  and  of  ways  of  going  at  the  problem  of 
estimating  the  stock  that  can  be  kept  and  the  returns  that  may  be 
expected  to  result  from  the  adoption  of  a  given  type  of  farming. 

It  would  be  easy  to  modify  in  a  hundred  different  ways  each  plan 
given  by  the  introduction  of  other  crops,  by  varying  the  combinations 
of  crops,  by  emphasizing  the  poultry  industry  or  the  orchard,  by 
combining  hogs  with  dairy  cows,  and  so  on.  The  plans  given  in  this 
bulletin,  however,  will  serve  their  purpose  if  they  suggest  ways  of 
looking  at  the  problem  and  estimating  returns. 
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THE  FEOBLEU  OF  SEFLAHNINO  A  FABH. 

The  reader  who  may  be  led  by  the  preceding  pages  to  replan  his 
own  farm  will  quickly  learn  how  limited  is  the  reliable  available 
information  on  any  given  phase  of  farming  and  how  necessary  is 
a  broad  fund  of  agricultural  knowledge  in  successfully  replanning 
a  farm. 

If  he  relies  for  the  purpose  on  what  data  he  has  accumulated  on  his 
own  farm,  he  may  be  surprised  tofind  out  how  limited  such  data  are 
and  that  he  may  not  even  know  how  much  grain  and  hay  it  takes  to 
keep  a  horse  or  a  cow  a  year,  although  he  may  have  fed  both  all  his 
life.  He  may  not  know  just  when  or  just  how  long  a  field  of  peas 
and  oats  planted  together  would  be  available  for  sheep  or  hog  pasture. 
He  may  not  know  the  average  yields  of  different  crops  that  he  can 
grow  on  different  fields,  or  how  those  yields  might  be  increased  by 
the  use  of  a  little  commercial  fertilizer  of  the  right  kind  properly 
applied  or  by  rotation  of  crops.  He  may  even  have  to  go  outside  of 
himself  to  establish  a  standard  as  to  what  good  farming  really  is  and 
what  results  ought  to  be  obtained  from  good  farming. 

If  these  gaps  in  his  knowledge  be  made  apparent  through  his  under- 
taking to  replan  his  farm  and  he  be  led  thereby  to  observe  more  closely 
his  farm  operations,  as  well  as  those  of  his  neighbors,  and  to  read 
more  extensively  agricultural  papers,  bulletins,  books,  and  reports, 
one  of  the  first  aims  of  this  paper  will  have  been  accomplished. 

WHY  LOW  BETUKHS  ABE  BEAIIZED  FBOH  SOME  FABMS. 

Many  a  farmer  fails  to  get  adequate  returns  from  his  farm  because 
he  stays  at  home  too  closely,  puts  in  too  many  hours  a  day  following 
the  plow,  and  does  not  often  enough  visit  good  farmers  in  his  neigh- 
borhood or  other  sections  of  the  country  where  good  farming  is  done. 
Furthermore,  a  man  physically  exhausted  from  a  long,  hard  day's 
work  is  in  no  condition  to  follow  and  get  much  out  of  the  literature 
of  his  business  as  reported  in  farm  papers,  agricultural  bulletins,  re- 
ports, and  books,  and  without  the  advantage  of  all  the  information 
available  from  every  possible  source  he  will  find  awkward  situations 
when  he  comes  to  replan  his  farm  for  profit. 

Success  in  farming  calls  for  the  very  best  effort  in  a  man  along  all 
lines.  That  best  effort  is  called  for  in  replanning  a  farm  for  profit. 
The  farmer  who  is  dissatisfied  with  his  income  from  the  farm  needs  to 
think  seriously  as  to  whether  or  not  his  farm  is  planned  right  for  the 
largest  returns,  remembering  that  good  farming  calls  for  keeping 
up  the  productiveness  of  the  farm  while  getting  maximum  crops 
economically  from  the  soil. 
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SUMKABY. 

(1)  Habit  frequently  continues  a  type  of  farming  in  a  community 
long  after  that  type  has  become  unprofitable. 

(2)  Changes  in  the  farm  system  are  often  deferred  (1)  because  of 
lack  of  knowledge  of  how  to  replan  the  farm,  (2)  because  of  lack  of 
funds  in  carrying  out  new  plans,  (3)  because  new  fences,  buildings, 
or  equipment  are  called  for  in  the  new  plan,  and  (4)  because  a  change 
frequently  requires  a  readjustment  of  many  of  the  usual  wa^  of 
thinking  and  doing. 

(3)  In  replanning  the  farm,  help  may  be  obtained  from  visits  to 
successful  farms,  from  farm  literature,  agricultural  papers,  the  State 
experiment  stations,  the  agricultural  colleges,  the  United  States  De- 
partment hf  Agriculture,  and  from  agricultural  experts, 

(4)  The  farm  can  be  as  successfully  planned  as  other  businesses  are, 
provided  the  plans  are  made  to  cover  average  conditions  over  a  period 
of  years. 

'(5)  Profitable  farming  results  from  good  farm  plans  comprehend- 
ing every  feature  of  the  farm  carefully  coordinated  and  effectually 
carried  out. 

(6)  A  good  farm  plan  provides  for  (1)  a  reasonable  reward  for 
the  capital  and  labor  invested  and  (2)  the  maintenance  or  increase  of 
soil  fertility,  and  (3)  it  must  be  within  the  comprehension  and  ability 
of  the  owner  to  carry  out. 

(7)  The  income  from  the  same  farm  can  often  be  doubled  or 
trebled  without  increased  expense  by  adopting  a  system  of  farming 
suited  to  the  land,  the  locality,  and  the  owner. 

(8)  The  successful  replanning  of  a  farm  rests  on  a  comprehensive 
knowledge  of  agriculture  gained  by  experience  and  by  familiarity 
with  what  is  being  accomplished  by  others  along  agricultural  lines, 
either  as  observed  by  personal  visits  or  as  recorded  in  the  literature 
of  agriculture. 


[A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribution  will  be 
sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of  Agricultore.] 
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LETTER  OF  TRANSMITTAL 


U.  S.  Depahtment  op  Aoricultube, 

OmcB  OP  Experiment  Station«, 

Washington^  D.  C,  May  10, 1909. 

Sir:  I  have  the  honor  to  transmit  herewith  a  report  prepared  by 
Charles  F.  Brown,  Drainage  Engineer,  under  the  direction  of  C.  G- 
EUiott,  Chief  of  Drainage  Investigations  of  this  Office,  upon  the 
drainage  of  irrigated  lands  which  have  been  seriously  injured  or 
rendered  wholly  unproductive  by  the  seepage  of  irrigation  water  or 
by  the  rise  of  alkali,  or  by  both  combined. 

While  the  report  gives  the  details  of  experiments  in  the  State  of 
Utah  only,  the  localities  are  so  widely  separated  and  cover  such  a 
variety  of  soils  and  conditions  that  the  lands  are  fairly  representa- 
tive of  irrigated  lands  elsewhere  which  require  drainage.  The  woit 
was  conducted  by  Drainage  Investigations  of  this  Office  in  coopera- 
tion with  the  Utah  Agricultural  Experiment  Station. 

It  is  estimated  that  not  less  than  150,000  acres  of  irrigated  land  in 
Utah  have  been  ruined  or  seriously  injured  by  seepage  or  alkali,  and 
will  require  drainage  in  order  to  restore  them  to  a  productive  state. 
In  all  other  irrigated  States  from  10  to  20  per  cent  of  the  land  which 
has  been  under  irrigation  for  ten  years  or  more  requires  drainage. 
This  report  not  only  describes  the  condition  of  the  land,  the  details 
of  its  draining,  and  the  results  which  were  obtained  in  particular 
cases,  but  gives  carefully  drawn  deductions  from  the  experiments, 
together  with  directions  for  draining  lands  which  have  become  too 
wet  or  too  alkaline  under  the  ordinary  methods  of  irrigation  for 
profitable  cultivation.    Methods  of  draining  are  not  so  well  est4d> 
lished  for  irrigated  land  as  for  land  in  humid  areas,  which  fad  sug 
gests  the  propriety  of  describing  methods  that  have  been  tested  iii 
specific  cases. 

Since  the  matter  contained  in  this  report  relates  to  farm  drainagi 
in  the  arid  States,  and  thus  supplements  Farmers'  Bulletin  18". 
Drainage  of  Farm  Lands,  I  recommend  its  publication  as  a  Farmer?* 
Bulletin. 

Respectfully,  A.  C.  True, 

Director, 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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INTBOBXrcnOH. 

The  general  need  for  drainage  of  irrigated  lands  has  increased 
rapidly  during  the  last  twenty  years.  The  most  productive  lands  of 
these  regions  and  those  which  were  first  brought  under  cultivation 
are,  in  many  instances,  now  abandoned  or  fit  only  for  wet  pasturage. 
In  Utah  alone  there  are  approximately  200,000  acres  of  irrigated 
lands  needing  drainage.  Salt  Lake  Valley  has  about  34,000  acres  of 
such  lands,  and  several  other  valleys  from  10,000  to  30,000  acres  each. 
There  are  several  localities  in  which,  of  the  total  irrigated  lands,  50 
per  cent  are  in  such  condition.  California,  Colorado,  Washington, 
Montana,  and  Wyoming  are  likewise  affected,  more  or  less,  and  in 
time  all  of  the  newly  irrigated  lands  will  have  their  problems  of 
drainage.  It  naturally  devolves  upon  the  holders  of  such  lands  to 
reclaim  them.  To  the  end  of  developing  the  best  methods  for  accom- 
plishing the  reclamation  of  such  lands  the  Office  of  Experiment  Sta- 
tions has  conducted  drainage  investigations  in  Utah,  California, 
Oregon,  Washington,  Wyoming,  Colorado,  and  Nebraska,  with  re- 
salts  which  justify  the  conclusion  that  there  is  scarcely  any  land  in 
the  irrigated  region  which  formerly  produced  paying  crops,  and  later 
became  affected  by  excess  of  water  or  alkali,  that  can  not  be  profitably 
reclaimed,  provided  the  work  is  correctly  planned  and  carried  out. 
These  results  also  point  to  the  possibility  of  reclaiming  many  virgin 
[ands  containing  an  excess  of  alkaline  salts. 

This  bulletin,  while  it  applies  to  all  irrigated  lands  and  contains 
Bome  data  obtained  in  investigations  in  other  States,  is  based  upon 
experimental  work  done  in  Utah.  For  the  localities  in  which  the 
jxj)eriments  were  performed,  see  the  map  of  Utah  (fig.  1).  The 
Irainage  investigations  of  the  Office  were  begun  in  the  State  during 
:he  summer  of  1904  in  cooperation  with  the  Utah  Agricultural  Ex- 
periment Station.  Since  then  the  work  has  been  carried  on  with  a 
hind  provided  jointly  by  the  State  legislature  and  the  Office  of 
Sxperiment  Stations,  the  Utah  station  acting  for  the  State.® 

•  For  further  detail^  of  the  Utah  work  see  Utah  Sta.  Bui.  99. 
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The  indiyidual  landowners  have  in  every  case  cooperated  with  the 
State  and  Federal  agents  in  carrying  out  the  work.  The  attitude  of 
most  of  them  has  naturally  been  one  of  skepticism  as  to  the  suooesB 


Fig.  1. — Map  of  Utah,  showing  locations  of  drainage  experiments. 

which  could  be  obtained,  and  they  have  been  convinced  of  the  feasi- 
bility and  financial  advantage  of  the  methods  proposed  only  by  a<^iial 
successful  demonstrations  of  results  on  a  commercial  scale.  In  one 
case  the  county  interested  also  cooperated  in  the  expense. 
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CACHE  COimTT  Ul  VESTIGATIOini 

HYDB  PABK  BXPBBIMENT. 

This  experiment  was  made  on  lands  just  south  of  Hyde  Park,  in  a 
belt  of  2,000  acres,  between  that  town  and  Logan,  which  was  badly 
affected  by  the  rise  of  ground  water.  The  soil  is  a  black  loam  under- 
lain by  yellow  clay,  both  of  which  are  of  an  open  nature  and  permit 
the  passage  of  water  freely.  These  lands  were  among  the  first  brought 
under  cultivation  in  this  neighborhood  and  originaUy  produced  abun- 
dant crops.  After  some  twenty  years  of  satisfactory  cultivation,  a  rise 
of  ground  water  resulted  from  the  irrigation  of  the  higher  lands 
which  had  in  the  meantime  been  brought  under  cultivation.  The 
amount  of  seepage  gradually  increased,  and  lands  which  had  been 
tillable  for  cereals  and  root  crops  became  imsuited  for  such  crops  and 
were  planted  to  grasses  for  hay.  The  tame  grasses  were  driven  out 
in  a  few  years  and  water  grasses  of  little  value  prevailed.  In  the 
beginning  the  areas  affected  were  small,  but  they  continued  to  spread 
and  creep  up  to  higher  levels  in  the  typical  manner,  until  few  farms 
were  unaffected. 

It  was  noticed  that  when  the  fields  upon  the  upper  bench,  one-half 
to  three-quarters  of  a  mile  distant,  were  irrigated  the  soil  water  ap- 
peared at  the  lower  levels  about  thirty-six  hours  later.  This  indicated 
that  the  primary  cause  of  the  wet  condition  of  the  lower  lands  was 
seepage  from  the  more  elevated  fields.  Observations  later  established 
the  fact  that  the  water  passed  through  the  soil  along  the  line  of 
greatest  surface  slope  until  it  reached  the  lower  sections,  where  it  ac- 
cumulated. Owing  to  the  soil  structure  the  ground  water  passed  more 
readily  through  some  parts  than  others,  thus  giving  the  water  an  un- 
even distribution,  causing  wet  spots  rather  than  a  uniformly  saturated 
condition  of  fields,  as  ordinarily  might  be  expected. 

Work  was  begun  at  Hyde  Park  during  the  summer  of  1904. 

Plans  and  Construction.  * 

For  the  purpose  of  showing  the  surface  slopes  on  the  following  maps 
(fig.  2  and  others)  contour  lines  are  employed.  Contours  are  lines 
running  through  points  of  equal  elevation,  corresponding  to  successive 
shore  lines  which  would  be  formed  if  a  tract  could  be  covered  with 
water  and  the  water  level  then  lowered  a  foot  at  a  time,  allowing  suffi- 
cient intervals  of  time  between  reductions  to  mark  shore  lines.  These 
lines  are  determined  by  the  level  and  are  marked  with  the  elevations 
relative  to  a  determined  datum. 

The  experimental  area  is  that  within  the  shaded  belt.  The  drains 
outside  this  area  were  laid  by  the  owners  in  accordance  with  plans 
and  survey  made  by  the  Office  of  Experiment  Stations.    The  branch 
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of  8-inch  and  6-inch  tile  laid  along  the  upper  edge  of  the  wet  land  was 
designed  to  intercept  the  seepage  from  the  lands  above,  and  the  S-indi 
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Fig.  2. — Map  of  field  drainage,  Hyde  Park,  Utah. 

lower  branch  was  planned  to  furnish  an  outlet  to  the  seepage  whidi 
passed  the  upper  line.    The  average  depths  and  sizes  are  given  on  the 
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map.  These  two  lines  discharged  at  their  junction  into  an  open  ditch 
which  gave  much  trouble  on  account  of  the  banks  caving  in.  Owing 
to  the  obstructions  in  the  ditch  the  tile  lines  were  kept  full  of  back- 
water and  consequently  did  not  work  properly.  During  the  season 
of  1905  the  10-inch  outlet  through  Hancey's  field  was  laid.  An  illus- 
tration of  the  rise  of  water  in  spots  is  here  shown  in  the  two  areas  in- 
closed by  dotted  lines.  The  one  in  the  Hancey  field  remained  wet 
until  the  10-inch  line  was  laid  through  it,  in  spite  of  the  fact  that  it 
was  almost  surrounded  by  lines  of  tile  laid  the  year  before.  The  spot 
in  the  Lamb  Brothers'  field  is  still  wet  and  needs  a  branch  line  cut- 
ting through  it 

The  construction  work,  except  surveying,  was  done  by  the  farmers. 
Preparatory  to  laying  out  the  lines  of  tile  a  preliminary  level  survey 
was  made.  This  work  was  simple,  consisting  of  levels  at  important 
points,  and  was  made  by  two  men  in  an  hour  or  two.  With  the 
figures  thus  secured,  it  was  easy  to  stake  the  lines  with  assurance  that 
the  depths  and  grades  would  be  satisfactory.  In  this  and  foUowing 
work  two  sets  of  stakes  were  driven  at  50- foot  intervals  and  6  inches 
from  the  edge  of  the  trench.  The  stake  from  which  the  elevations 
and  profile  were  determined  was  driven  until  the  top  was  flush  with 
the  surface.  The  other,  a  1-inch  by  4-inch  by  18-inch  stake  on  which 
the  station  number  and  cut  were  marked,  was  set  near  the  grade  stake 
as  a  guide.  Grade  was  obtained  at  each  station  by  measurement  and 
between  stations  by  the  flow  of  water.  The  grade  of  the  bottom 
made  in  this  way  was  more  or  less  irregular,  but  on  the  whole  fairly 
good,  as  indicated  by  the  flowing  water.  The  necessity  of  properly 
grading  the  bottoms  of  the  trenches  was  not  appreciated  by  some  of 
the  farmers  who  put  in  drains  on  their  own  account,  and  as  a  result 
in  some  cases  it  was  necessary  to  dig  up  and  relay  the  tile,  because 
they  had  become  obstructed  in  low  places  by  sand  and  sediment 
The  soil  generally  was  firm  and  would  stand  well  after  trenches  were 
opened,  so  that  the  water  method  of  grading,  with  measurements 
every  50  feet,  was  sufficient  if  followed  with  care.  When  the  trenches 
were  dug  it  was  noticed  that  the  water  entered  freely  through  crevices 
and  channels  in  streams,  some  as  large  as  a  lead  pencil.  The  sub- 
soil, a  granular  clay,  is  somewhat  stratified  and  sufficiently  open  to 
admit  the  moderately  free  passage  of  water.  On  the  whole  it  may 
be  regarded  as  a  soil  for  which  tile  or  other  underdrains  are  suited, 
as  there  is  sufficient  clay  to  keep  the  soil  compact.  A  few  sand 
pockets  and  other  soft  spots  were  encountered  in  parts  of  the  fields 
outside  of  the  experimental  tract,  and  boards  should  have  been  laid 
under  the  tile  in  these  places  to  insure  proper  alignment  Neglect 
to  take  these  precautions  resulted  in  failure  in  one  place.  The  tile 
were  laid  by  a  man  in  the  trench,  and  were  blinded  or  carefully 
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covered  with  a  foot  of  soil  as  soon  as  laid.  This  is  necessary  to  pre- 
vent displac^nent  when  filling  the  trenches  by  plowing,  as  is  usually 
done. 

Cost. 

Excavating  the  trenches,  as  reported  by  Messrs.  Lamb  and  Hancey, 
who  did  the  work,  cost  40  cents  per  rod  for  the  analler  and  52  cents 
for  the  larger  trenches,  Where  the  depth  did  not  exceed  4  feet. 

The  following  table  of  costs  is  given  for  the  experimental  drains 
and  charged  to  the  experimental  tract,  which  is  approximately  3L5 
acres.  The  cost  per  acre  was  greater  than  if  the  whole  tract  whidi 
was  actively  affected  by  the  drains  were  considered.  As  shown  later, 
the  effects  of  these  lines  reach  to  one-quarter  of  a  mile  down  the  slope. 

TUe: 

1,000  feet  of  lO-inch  tile,  at  $182.50  p^  thousand  feet $182. 50 

1,012  feet  of  8-iiicli  tile,  at  $120  per  thousand  feet 121. 44 

330  feet  of  6-inch  tile,  at  $60  per  thousand  feet 19. 80 

650  feet  of  5-inch  tile,  at  $58  per  thousand  feet 37. 70 

2  6-inch  on  8-inch  W7es,  at  72  cents 1.44 

$a62L88 

Hauling,  digging,  and  laying: 

Hauling  tile,  80  tons  11  miles,  at  30  cents  per  ton  mile la  50 

Digging  134  rods,  at  52  cents  per  rod 69.68 

Digging  42  rods,  at  40  cents  per  rod 16. 80 

Laying  tile la  75 

FHling  trench 10. 00 

12a73 

Total  cost 491.61 

The  average  cost  per  acre  was  $15.60.  The  above  costs  were  based 
on  ten  working  hours  per  day,  with  labor  at  $2  per  day,  tile  Imj&ts 
$2.50  per  day,  and  man  with  team  $3  per  day. 

Besults. 

The  land  has  been  well  drained,  with  the  exception  of  the  small 
spot  in  the  Lamb  Brothers'  field  mentioned  above,  and  is  yielding 
abundant  crops.  The  owners  reported  yields  in  1905-6  which  were 
high  for  land  in  the  best  possible  condition.  Since  drainage,  50  bush- 
els of  wheat  and  100  bushels  of  oats  per  acre  have  been  grown  <m  the 
reclaimed  land.  The  yield  of  beets  for  1906,  on  drained  land,  was 
18  tons  per  acre.  The  draining  of  this  strip,  only  one-quarter  of  i 
mile  wide,  has  made  it  possible  to  break  the  sod  on  an  equal  strip 
jeiow  and  to  again  grow  crops  there.  With  the  exception  of  the 
larmers  who  were  interested  in  this  work  but  very  few  are  attempting 
drainage  m  other  fields.  *^ 
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Obstruction  of  Til6  by  Boots. 

It  has  long  been  known  that  the  roots  of  certain  water-loving  trees, 
such  as  wiUows,  would  enter  covered  drains  through  the  joints  and 
small  openings  and  branch  into  water  roots  many  feet  long,  so  numer- 
ous and  close  together  as  to  fill  the  tile,  thus  obstructing  the  flow  of 
water.  It  was  also  learned  by  these  investigations  that  alfalfa  roots 
were  equally  troublesome  after  a  few  years.  During  the  fall  of  1907 
the  ground  water  rose  to  the  surface  over  the  drains  in  Hancey^s  and 
Lamb's  fields.  The  beets  which  were  planted  in  the  fields  turned 
yellow  and  the  ground  became  so  soft  that  harvesting  the  crop  in  that 
condition  was  out  of  the  question.  Upon  removing  some  of  the  tiles 
it  was  found  that  they  were  almost  completely  obstructed  by  beet 
roots.  About  half  of  the  tile  was  removed,  after  which  the  balance 
was  cleared  of  roots,  and  in  a  short  time  the  ground  was  dry.  During 
the  last  season,  with  the  beets  removed  from  about  2  feet  on  each 
side  of  the  trench,  no  trouble  resulted. 

BOXELDEE  C0U9TT  INYESTIGATIOHS. 

The  large  valley  in  which  this  work  was  done  is  irrigated  by  the 
Bear  River  canals.  The  vaUey  lands  have  varying  slopes,  from 
heavy  ones  near  the  foothills  down  to  very  li^t  slopes  on  some  of 
the  lower  lands.  The  soils  also  vary  from  sandy  loams  to  clay,  and 
are  generally  very  deep,  as  shown  by  the  cuts  of  the  Bear  and  Malade 
rivers.  The  depths  of  these  cuts  are  from  50  to  100  feet,  and  they 
were  supposed  to  afford  excellent  drainage.  Nevertheless,  many  of 
the  lower  lands  became  affected  by  the  rise  of  ground  wa^^  and  alkali 
soon  after  the  beginning  of  irrigation.  An  unsuccessful  attempt  was 
made  to  drain  portions  of  the  model  farm  at  Corinne,  but  not  even  the 
locaticMis  of  the  lines  are  now  known.  This  failure  discouraged 
many,  and  thousands  of  acres  were  abandoned,  seemingly  without  an 
effort  to  stay  the  spread  of  alkali.  The  northern  portions  were  con- 
sidered the  only  safe  lands  on  the  west  side. 

A  survey  of  the  valley,  made  by  the  Bureau  of  Soils  in  1904, 
showed  that  the  lands  between  the  rivers  and  those  above  Garland 
on  the  west  side  were  the  only  portions  not  affected.  The  area 
affected  continued  to  increase,  and  investigations  in  1906  showed  that 
the  acreage  of  affected  lands  in  these  favored  districts  had  reached 
approximately  7,000  acres.  Even  in  Riverside,  which  had  been 
considered  perfectly  safe  from  all  danger  of  injury  by  seepage  wjiter 
or  alkali,  there  was  a  fine  farm  of  100  acres  seriously  needing  drain- 
age and  showing  unmistakable  signs  of  alkali.  It  was  under  such 
conditions  as  these  that  the  investigations  were  begun  in  this  valley 
in  May,  1906. 
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GABLAND  EXPEBIMBNT. 


This  tract  lies  2  miles  north  of  Oarland  and  one-half  mile  west  of 
the  Malade  River,  the  surface  of  which  is  50  feet  lower  than  the 
tract  The  west  branch  of  the  Bear  Biver  Canal  lies  one-half  mile 
west  of  the  affected  land.    The  soil  is  a  clay  loam  underlain  by 
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Fig.  3. — Map  of  field  drainage,  Garland,  Utah. 

separate  strata  of  sand  and  clay  and  pockets  of  sand.  The  affected 
portion  (see  fig.  3)  contains  60  acres,  and  is  a  part  of  a  flat  depression 
extending  from  Garland  to  Biverside.  The  lands  between  this  tract 
and  the  canal  are  sandy  and  require  considerable  water. 

The  source  of  the  water  was  seepage  from  irrigation  and  the  canaL 
Snow  and  rain  water,  held  by  a  levee,  were  also  responsible.    In  its 
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development  this  particular  case  of  water-logging  and  alkali  was 
Bimilar  to  other  cases,  and  the  condition  of  the  land  was  thought  at 
first  to  be  desirable.  The  trouble  began  with  a  season  of  subirriga- 
tion,  and  the  crops  grown  were  record  breakers.  This  luxuriant 
growth  of  crops  usually  precedes  failure  due  to  alkali,  and  there  is 
little  doubt  that  this  tract  would  have  become  totally  unproductive 
had  not  the  cause  been  removed.  In  this  case  cropping  was  delayed 
for  several  weeks  during  the  next  season  because  of  wetness.  Later, 
beets  were  planted  on  most  of  the  land ;  small  spots  failed  to  produce 
a  stand ;  and  subsequently  several  acres  of  the  beets  were  drowned  by 
spring  rains.     It  was  at  this  stage  that  plans  for  cooperative  drainage 

were  begun  by  the  own-  

ers.  Ijater  the  Office  of  ■ 
Experiment  Stations 
furnished  some  assist- 
ance, mainly  in  planning 
and  superintending  the 
work.  Meven  farmers, 
owning  lands  which 
would  be.  benefited,  co- 
operated, apportioning 
the  cost  according  to  the 
areas  of  their  wet  lands. 

Pl«na  and  Constructloii. 

The   land  within  the  « 

shaded  belt  (see  fig.  3)  Hil 

shows  the  wet  portion. 
From  the  single  dotted 
lines,  representing  n^.  < 
drains,  it  will  be  seen 
that  both  the  intercepting  and  outlet  methods  were  used  in  laying 
out  the  system.  A  portion  of  the  water  was  lateral  seepage  throuf^ 
the  porous  lands  above,  which  the  upper  lines  served  to  intercept, 
while  the  lower  lines  provided  an  outlet  for  the  lowest  portions  of 
the  tract.  During  construction  small  springs  were  encountered  in 
the  trenches  in  which  the  water  seemed  to  come  from  a  lower  porous 
stratum. 

The  matter  of  properly  setting  guides  for  grading  the  bottom  of 
the  trench  gave  some  trouble  and,  in  one  instance,  resulted  in  laying 
the  6-inch  line  through  the  Austin  field  1  foot  above  grade,  beginning 
about  100  feet  north  of  the  junction  -with  the  10-inch  main.  This 
mistake  has  not  yet  been  rectified.    With  the  hope  of  making  the 
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method  for  grading  clearer,  the  following  explanation  is  offered: 
Two  sets  of  stakes  are  used,  as  at  Hyde  Park,  one  a  grade  stake 
driven  to  the  surface  of  the  ground,  from  which  the  levels  are  tak^ 
and  the  other  a  guide  stake,  on  which  the  cut  for  that  particalar 
station  is  marked.  These  stakes  should  be  set  1  foot  from  the  edge  of 
the  trench.  The  long  one. should  be  long  enough  to  be  driven  about 
1  foot  into  the  ground  and  leave  about  2  feet  above  ground.  Figure 
4a  shows  the  stakes  in  position,  with  a  wire  or  string  stretched  across 
the  tops  of  the  guide  stakes  parallel  to  and  just  6  feet  above  grade. 
The  guide  stakes  have  been  driven  until  the  tops  are  above  the  grade 
stakes  an  amount  equal  to  the  length  of  the  measuring  bar  minus  the 
cut  at  the  station.    If  the  measuring  bar  be  graduated,  as  shown,  from 

the  top  down,  the  guide 
stakes  may  be  set  by 
driving  thL  down  to  . 
level  of  the  cut  readmg 
on  the  rod  when  the  rod 
rests  on  the  grade  stake, 
as  in  figure  46.  With 
the  rod  held  vertically, 
the  lower  end  is  at  true 
grade  when  the  hori- 
zontal arm  touches  the 
wire. 

Construction  difficul- 
ties were  encountered 
when  the  work  reached 
the  wetter  portions  of 
the  field.  The  usual  soft 
spots  were  encountered, 
with  water  entering  in 
relatively  large  streams. 
A  firm  foundaticm  for 
the/  tile  was  necessary,  so  some  gravel  was  thrown  in.  Later  experi- 
ments proved  that  1-inch  by  6-inch  boards  were  more  convenient 
Fine  sand  and  silt  gave  considerable  trouble  by  flowing  in  at  the 
joints  and  settling  in  the  tile,  and  to  prevent  this  a  few  joints 
were  wrapped  with  tarred  paper.  Sand  and  gravel  would  have 
stopped  this  and  been  better  adapted  to  the  needs.  Later,  a  sand  trap, 
shown  in  figure  5,  was  put  in  at  the  junction  of  the  south  branch  and 
the  main.  This  box  was  made  4  feet  by  4  feet  inside  and  extended 
18  inches  below  the  grade  of  the  tile.  A  box  was  also  set  in  just  above 
the  lower  place  of  trouble,  where  flushing  water  was  turned  in  to  dean 
out  the  tile.    A  large  portion  of  the  sediment  settled  in  the  larger 
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tile  below.    Another  sand  trap  should  have  been  put  in  at  the  junc- 
''-  tion  of  the  8-inch  and  10-inch  tile  on  the  main  line. 

Cost. 
-  Tile: 

1,700  feet  of  10-inch  tUe^  at  $181.10  per  thousand  feet $307. 87 

540  f^et  of  8-inch  tile,  at  $126  per  thousand  feet 67. 50 

1,300  f^et  of  6-inch  tile,  at  $74  per  thousand  feet 96. 20 

2,775  feet  of  5-lnch  tile,  at  $50  per  thousand  feet 138. 75 

$610.82 

Labor : 

Labor  for  384  rods,  at  $1  per  rod 084.00 

Open  ditch  work 18. 00 

402. 00 

Total  cost 1,012.32 

The  average  cost  per  acre  was  $16.87,  including  the  1,700  feet  of 
10-inch  outlet    Wages  were  $2  to  $2.50  per  day  of  nine  hours. 

Besolta. 

The  resulting  improvement  in  this  tract,  even  before  the  system 
was  entirely  finished,  was  very  marked.  The  next  season  this  land 
was  planted  as  early  as  the  higher  lands  and  produced  just  as  good 
crops.  Not  a  trace  of  alkali  showed,  where  it  was  plainly  evident 
the  year  before.  There  is  no  question  that  these  60  acres,  and  prob- 
ably more,  would  have  become  entirely  unproductive  within  a  few 
years,  but  with  drainage  they  are  producing  as  well  as  those  unaf- 
fected. 

POINT  LOOKOUT  BXPEBIMENT. 

This  tract  is  located  about  5  miles  southwest  of  Garland  and  3^ 
miles  west  of  Tremonton,  on  the  county  road,  and  is  fairly  typical  of 
the  majority  of  lands  in  this  valley  which  have  lost  their  productivity 
of  late  years  on  account  of  seepage  water  and  alkali  accumulations. 
The  soil  is  a  clay  loam  with  a  mushy  water-bearing  stratum,  about  12 
inches  in  thickness,  between  4  and  6  feet  below  the  surface.  The 
tract  was  brought  under  cultivation  in  1897.  The  first  crop  was  42 
bushels  of  wheat  per  acre,  and  those  following  were  good  until  1902. 
Since  then  the  tract  has  not  paid  expenses.  Investigations  were 
begun  here  in  September,  1906,  at  which  time  there  were  large  dark- 
brown  alkaline  spots  throughout  the  field,  on  which  nothing  grew. 
Alkali  was  evident  in  other  spots  from  the  familiar  white  efflores- 
cence. 
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Plans  were  made  after  careful  preliminary  surveys  of  surface 
slopes  and  examination  of  subsoil  conditions  (fig.  6).  The  intercept- 
ing method  was  used  principally,  but  some  parallel  lines  through  the 
worst  portion  seemed  necessary,  as  need  for  considerable  leaching  for 
the  removal  of  alkali  was  expected.     The  tile  were  laid  from  4  to  5 
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feet  deep,  cutting  through  the  close  subsoil  into  the  more  open  water- 
bearing stratum.     For  field  map  and  system  of  drains  see  figure  6. 

Construction  and  Cost. 

The  most  important  lesson  to  be  learned  from  the  field  construction 
is  that  the  cost  of  such  work  can  be  reduced  one-third  to  one-half  bv 
experienced  laborers.    The  tools  used  for  digging  and  grading  were 
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ditching  spades  and  tile  scoops.    The  work  was  done  by  experienced 
farmers  during  December  and  January,  1906-7. 

TUe: 

2400  feet  of  4-iiicli  tile,  at  $40.15  per  thousand  feet $84. 32 

812  feet  of  5-inch  tile,  at  $55.22  per  thousand  feet 44. 84 

2.050  feet  of  6-inch  tile,  at  $7.85  per  thousand  feet 161. 64 

350  feet  of  8-inch  tile,  at  $133.35  per  thousand  feet 46. 67 

Extras,  W7e8  and  tees 3. 41 

Total $340. 88 

Digging  and  laying: 

85  days,  at  $2  per  day  of  9  hours 170. 00 

Hauling  tile  1  mile,  7  days,  man  and  team,  at  $3  per  day, 

70  cents  per  ton 21. 00 

Filling  trench,  man  and  team,  3  days,  at  $3  per  day 9. 00 

Total 200.00 

Total  cost 540. 88 

The  average  cost  per  acre  was  $13.52.  The  labor  cost  was  approxi- 
mately 4  cents  per  linear  foot,  or  65  cents  per  rod. 

Besolts. 

The  land  has  been  thoroughly  drained  excepting  a  few  acres  in 
the  southeast  comer,  which  remained  a  little  damp  after  the  wet 
spring  of  1907.  That  spring  was  an  unusuaUy  wet  one,  but  this 
farm  as  a  whole  was  in  better  shape  for  early  spring  work  than  the 
best  lands  in  the  same  neighborhood.  The  wet  spot  above  menticmed 
was  probably  caused  by  lateral  seepage  from  the  land  on  the  east. 
Notes  taken  during  the  spring  and  summer  show  that  the  tract 
responded  to  drainage  remarkably  weU.  Early  in  the  spring  it 
showed  improvement,  and  to  all  appearances  was  free  from  alkali. 
Later  it  was  planted  to  oats,  continuing  to  improve  and  jdelding  35 
bushels  of  oats  per  acre.  No  signs  of  the  alkali  spots  have  been 
observed,  and  as  a  consequence  it  has  attracted  considerable  attention. 
For  the  season  of  1908  the  Gretz  tract  produced  45  bushels  of  oats 
per  acre  and  an  excellent  stand  of  young  alfalfa. 

The  influence  of  the  experiment  has  already  been  felt  Early  in 
the  spring  of  1907  other  farmers  came  to  see  it,  and  straightway 
ordered  tile.  They  received  some  assistance  in  locating  and  laying 
out  lines.  Mr.  P.  A.  Hansen,  of  Elwood,  laid  some  tile  through  a 
small  orchard  and  on  the  advice  of  this  Office  strung  the  tile  with  a 
galvanized  wire,  by  which  a  cable  and  root  cutter  can  be  worked  if 
roots  cause  trouble,  as  they  are  expected  to  do.  A  steam  traction 
ditcher  is  now  in  use  in  this  district  and  a  tile  factory  is  in  operation. 
88O&-BUI1. 3n— 00 — 3 
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DTYESTIOATIOHS  DT  WEBE&  AHD  DAVIS  COTTBTIES. 

• 

The  work  done  in  these  counties  was  with  the  seepage  and  alkali 
conditions  on  the  bench  lands  between  Ogden  and  Layton.  The 
soil  has  probably  been  brought  down  by  the  Webw  River,  and  is 
classified,  in  a  survey  by  the  Bureau  of  Soils,  as  a  fine  sandy  loam. 
The  higher  portions  through  which  the  canal  runs,  and  which  are 
also  irrigated,  contain  considerable  gravelly  soil.  Until  recentiy  this 
section,  called  the  "  Sand  Ridge,"  was  not  irrigated.  Fall  wheat  was 
grown  successfully  without  irrigation.  The  soil  and  climate  are 
particularly  adapted  to  vegetable  gardening  and  fruit.  Bare  land  in 
good  condition  is  worth  $150  per  acre  and  orchard  land  much  more. 
Several  years  ago  some  seepage  began  to  show  on  the  lower  slopes. 
The  number  of  places  affected  increased,  and  they  were  not  confined 
to  any  particular  slope  or  level.  The  total  area  of  such  lands  grew 
rapidly,  and  alkali  made  its  appearance.  In  1906  the  area  affected 
was  estimated  at  2,000  acres,  and  has  increased  since  then. 

BOY  EXPERIMENT. 

This  experiment  was  made  on  the  J.  H.  Hobson  farm,  2  miles  west 
of  the  Oregon  Short  Line  Railroad  station  at  Roy.  The  farm  lies  on 
a  series  of  narrow  benches,  having  a  difference  of  elevation  of  from 
6  to  10  feet.  The  soil  is  a  clay  loam  with  sandy  spots,  underlain  by 
a  tough  clay  subsoil  to  a  depth  of  4  feet,  beneath  which  lies  a  12-inch 
stratum  of  water-bearing  sand.  There  were  several  spots  found 
where  the  sand  was  continuous  from  the  surface  to  the  water-bearing 
sand  below.  The  strata  are  not  in  a  blanket  form  at  an  even  depth 
from  the  surface,  but  horizontal  and  at  different  depths  on  the  various 
benches.  The  soil  seemed  to  have  formed  over  the  edges  of  the 
benches  compactly  enough  to  hold  the  water  in  the  sand  and  make 
it  rise  to  the  surface  above.  Some  hardpan  was  encountered  at  a 
depth  of  4  feet  near  the  sand  trap  (fig.  7) ,  at  the  junction  of  the  main 
and  the  west  5-inch  line.  It  is  the  typical  calcium  carbonate,  lake 
shore  hardpan,  which  is  readily  penetrated  by  roots  and  is  fairly 
pervious  to  water. 

Seepage  water  had  appeared  at  the  bottom  of  the  steeper  slopes 
and  spread  in  places  40  rods  or  more  down  the  slope,  bringing  an 
accumulation  of  alkali.  This  farm  had  been  known  generally  for 
some  time  as  one  badly  affected  with  alkali.  It  had  come  into  the 
present  owner's  hands  in  1905.  When  he  discovered  that  the  farm 
needed  draining  he  immediately  set  to  work.  Later  in  the  same 
season — 1906 — ^he  sought  the  assistance  of  the  Office  of  Experiment 
Stations. 
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Plans  and  Constmction. 


The  lines  of  tile  on  the  upper  bench,  shown  on  the  contour  map  of 
the  field  (fig.  7),  were  laid  in  the  sand  stratum  with  a  view  of  afford- 
ing an  outlet  of  the  least  resistance  and  one  that  would  keep  the 
water  the  lowest.    The  lower  bench  lines  were  put  in  where  the  water 
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Fio.  7. — ^Planrof  draining  Hobson  field,  Roy,  Utah. 

cropped  out.  The  depths  and  sizes  of  tile  are  shown  on  the  map. 
After  the  lines  were  staked  out  and  before  deciding  on  the  grades 
auger  holes  were  put  down  every  200  feet  and  the  depth  below  the 
grade  stakes  to  the  top  of  the  sand  determined.  Then  the  grade  was 
made  so  as  to  just  cut  through  the  clay  subsoil  into  the  sand  stratum. 
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Nearly  all  of  the  tile  were  laid  on  1-inch  by  6-inch  boards  to  keep 
them  in  proper  alignment. 

A  portion  of  the  main  line  was  plowed  and  scraped  out,  to  a  depth 
of  2i  feet,  with  a  narrow  slip  scraper  and  one  horse.  A  section  of 
trench  500  feet  long  was  left  open  during  a  cold  snap,  and  before 
the  tile  were  laid  the  banks  broke  off  in  great  sllibs  from  6  inches  to 
1  foot  in  thickness,  and  up  to  10  feet  long.  These  had  to  be  broken 
with  pick  and  bar,  as  they  thawed  very  slowly.  The  work  was  done 
at  odd  times  by  the  owner  and  it  was  not  practicable  to  get  exact 
data  of  the  cost  of  the  labor. 

Cost. 

TUe: 

200  feet  of  4-inch  tile,  at  $34.20  per  thousand  feet $6. 84 

3,072  feet  of  5-inch  tile,  at  ^6.30  per  thousand  feet 142. 23 

1,200  feet  of  6-lnch  tile,  at  $67.80  per  thousand  feet 81.36 

200  feet  of  8-inch  tile,  at  $lia80  per  thousand  feet 22. 76 

3  wyes 1. 75 

«254.»4 

Lumber  laid  under  tile: 

475  feet  b.  m.  1-inch  by  6-inch  by  14-foot  lumber,  at  $30 

per  M 14. 25 

1,333  feet  b.  m.  1-inch  by  6-inch  by  14-foot  lumber,  at  $29 
per  M » : —    38. 65 

954  feet  b.  m.  1-inch  by  6-inch  by  14-fbot  lumber,  at  $28 

per  M 26. 71 

79.61 

Labor  cost,  approximately  75  cents  per  rod 212.25 

Total 546.80 

Average  cost  per  acre,  $13.67. 

Basalts. 

That  satisfactory  drainage  was  obtained  is  evidenced  by  the  fact 
that  the  ground  would  hold  up  loaded  wagons  any  time  during  the 
spring,  while  before  drainage,  horses  were  mired  while  plowing  as 
late  as  June.  As  a  consequence  of  the  draining,  farming  operations 
were  possible  earlier  in  the  spring  of  1907  than  on  neighboring  farms 
which  the  owners  thought  needed  no  drainage.  Though  there  were 
some  spots  where  crops  failed  on  account  of  alkali  during  the  season, 
the  improvement  was  easily  noticeable.  Very  fine  peas  and  potatoes 
were  grown  in  1908  on  portions  of  the  upper  bench,  which  had  been 
bare  before  drainage.  The  neighbors,  whg  were  skeptical  before, 
now  say  that  the  work  has  already  enhanced  the  value  of  this  farm 
$1,000. 

OODEN    EXPEBIMENT. 

The  Wasatch  Orchard  Company  undertook  some  drainage  on  their 
factory  farm  1  mile  southwest  of  Ogden,  in  1907,  under  the  directi<m 
of  this  Office.    The  soil  is  somewhat  like  that  at  Roy,  with  more  hard- 
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pan,  which  is  nearer  the  surface  than  at  Bo;.  Id  the  southeast  corner 
this  hardpan  was  only  3J  feet  from  the  surface.  The  situation  was 
probably  typical  of  a  number  of  similar  areas  in  this  district,  and  the 
results  obtained  here  should  be  worth  a  great  deal  to  farmers  con- 
fronted with  the  same  problem.  Alkali  and  seepage  water  had  been 
giving  trouble  for  a  year  or  two,  and  several  acres  were  barren  as  a 
consequence.    The  accompanying  map  {fig.  8)  is  self -explanatory . 

Flans  and  Conatructton. 

In  order  to  get  the  total  available  soil  depth,  the  tile  were  laid  into 
the  hardpan  about  6  inches.    The  digging  in  this  formation  showed 
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Flo.  8. — Plan  o(  dritnliis  WauUh  Orebaid  Company's  Held.  Ogden,  Dteb. 

that  it  was  very  porous  and  carried  con^derable  water.  The  work 
was  done  during  the  summer,  and  much  water  was  obtained,  thou^ 
the  surface  of  the  farm  was  dry.  In  the  wettest  portions  the  water 
was  from  2)  to  3  feet  below  the  surface. 


The  coat  of  this  work  was  much  more  than  it  should  have  been. 
Labor  was  high  and  very  scarce.  City  sewer-trench  diggers  were 
employed  by  the  day ;  besides  this,  unnecessarily  large  quantities  of 
gravel  were  placed  around  the  tile. 
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Besults. 

The  wet  portions  were  well  drained,  and  Superintendent  Van 
Allen,  who  was  somewhat  doubtful  at  first,  is  now  well  pleased  with 
the  results.  Good  crops  of  peas  and  alfalfa  were  grown  during  the 
last  two  seasons  on  this  land,  which  would  not  grow  peas  at  all  before 
drainage. 

CIiEABFIEU)     EXPEBUCENT. 

This  work  was  done  by  the  Clearfield  Orchard  Company  on  tlieir 
orchard  about  1  mile  southwest  of  the  Clearfield  station,  on  the 
Oregon  Short  Line  Railroad. 

The  soil  is  a  fine  sandy  loam  with  a  subsoil  made  up  lai^ly  of  fine 
sand,  though  on  the  Sand  Ridge  the  soil  formation  is  different  from 
that  at  Roy  and  Ogden.  Here  it  seems  to  have  been  formed  or  shifted 
about  by  winds,  and  small  sand  hills,  knoUs,  and  depressions  are 
often  found  on  the  same  farm. 

The  history  and  extent  of  the  injury  ^  practically  the  same  as 
for  the  other  places  mentioned  above.  Several  years  before  this  work 
was  begun  an  attempt  was  made  to  drain  two  small  benches  on  the 
near-by  Bishop  White  farm.  On  the  upper  bench  a  drain  from  7  to  9 
feet  deep  was  laid,  which  was  expected  to  intercept  the  seepage  on  both 
levels,  but  it  failed  to  do  so.  A  portion  of  this  line  was  laid  well  up 
on  the  slope  at  the  upper  end  to  get  more  grade  and  failed  to  drain 
the  narrow  bench  immediately  below.  Fine  sand  was  encountered, 
but  the  tile  were  covered  with  gravel  and  sand  boxes  put  in.  This 
work  was  well  done,  but  very  expensive,  and  consequently  discourag- 
ing. The  Clearfield  Orchard  Company^s  orchard,  immediately  below, 
became  affected  in  1906,  so  that  the  leaves  seemed  to  bum  on  a  num- 
ber of  otherwise  healthy  trees.  This  was  thought  to  be  due  to  the 
effects  of  the  alkali,  which  showed  rather  plainly  on  the  ground. 
Several  acres  became  so  wet  that  spraying  could  not  be  done.  The 
next  spring  the  owners  asked  for  advice,  and  the  work  described  be- 
low was  done,  the  Office  making  the  plans. 

The  map  (fig.  9)  shows  the  location  of  the  drain  and  other  data. 
At  the  date  of  examination,  the  pond  noted  on  the  side  contained  2 
feet  of  water  just  above  the -division  fence  and  stretched  out  to  one- 
quarter  of  a  mile  long.  The  water  was  kept  out  of  this  farm  by  a 
dam,  but  the  seepage,  naturally,  flowed  through  the  soil  to  the  or- 
chard. This  was  not  the  only  source  of  seepage,  so  the  line  was 
extended  through  the  upper  slope  of  the  affected  ground  northwest 
of  the  pond.  The  minimimi  depth  was  placed  at  4^  feet  in  the  swale 
opposite  the  pond  and  the  maximum  6J  feet  in  the  ridge  below  the 
pond.  The  object  of  running  the  outlet  line  so  far  along  the  fence 
was  to  secure  water  for  the  wind-break  trees. 
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Fio.  9. — Plan  of  draining  Clearfleld  Orchard  Company't  orchard,  Clearfield,  Utah. 
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Vi6ld  Constractioii. 

The  digging  was  attended  with  difficulty  on  account  of  very  fine 
sand  and  water  and  the  inexperience  of  the  laborers,  which  resulted 

in  the  tile  being  laid 
6  inches  above 
grade.  When  near- 
ing  the  orchard, 
the  trench  was 
opened  a  few  days 
before  tile  laying 
began,  causing  the 
land  to  become  suf- 
ficiently dry  to  per- 
mit the  distribution 
of  tile  by  team  over 
ground  which  was 
previously  soft  and 
miry. 

Beneficial  Besolts. 


The  wet  ground 
has  been  very  well 
drained,  excepting  a 
small  area  just  west 
of  the  house  and 
bam.  From  the  re- 
sults obtained  it 
seems  that  the  line 
of  tile  should  have 
been  laid  about  100 
feet  farther  down 
the  slope.  The  com- 
pany will  lay  an 
additional  brandi 
through  this  part 
during  the  coming 
season.      The 


MiT 


LEGEND 

O  WCLLt,  OBSCRVATIpll 
-  PROFCIITY  LINCt 

TilM,  OKAINt 

COMTOUll  UMO 


,r.^«i»A««r 


FiQ.   10. — Plan  of  draining  Walker  and  Wllllama  fields, 

Syracuse,  Utah. 


have  apparently  recovered,  and  the  foliage  and  fruit  were  good  last 
year.  Plowing  and  other  necessary  operaticms  are  performed  without 
trouble. 
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SYBACirSE  EXPEBIMENT. 

This  work  was  done  on  the  adjoining  farms  of  Messrs.  J.  F.  Walker 
and  T.  E.  Williams,  some  3  miles  down  the  slope  from  the  Clearfield 
fann,  under  practically  the  same  soil,  subsoil,  and  water  conditions. 
It  was  undertaken  upon  the  recommendation  of  the  Office,  and  com- 
pleted according  to  the  plans  furnished.  There  was  considerable 
water  in  the  spring  time  and  some  alkali  had  made  its  appearance, 
both  of  which  had  seriously  interfered  with  cropping.  Water  from 
artesian  wells  is  stored  in  small  reservoirs  and  used  for  irrigation. 
The  seepage  loss  from  these  reservoirs  was  considerable  and  was 
thought  by  some  to  be  the  whole  cause  of  the  trouble.  Later  observa- 
tions, however,  pointed  to  two  sources — ^this  reservoir  seepage  and  also 
the  irrigation  on  higher  lands.     For  plans,  grades,  and  slopes,  see 

figure  10. 

Besults. 

The  system  is  working  well,  but  extensions  into  wet  spots  are 
needed  on  both  farms.  Extensions  are  already  begun  on  the  Walker 
farm,  and  both  owners  are  well  satisfied  with  what  has  been  done. 
Other  farmers  in  the  same  neighborhood  are  now  taking  up  the  work. 

EHEBY  COUNTY  DTYESTIOATIONS. 

Emery  County  is  in  the  eastern  part  of  the  State,  in  what  is  known 
as  the  "Colorado  Plateau."  The  soil  is  an  alluvial  sandy  loam, 
underlain  at  various  depths  by  shale.  Mechanical  analyses  of  the 
soils  on  the  Huntington  experimental  tract  show  that  the  proportion 
of  silt  ranges  from  28  to  66  per  cent  and  that  of  very  fine  sand 
from  23  to  42  per  cent.  The  upper  layer  of  shale,  whether  on 
the  surface  or  below,  is  a  very  tenacious  clay.  A  foot  below,  the 
shale  becomes  looser  and  at  several  feet  below  is  in  large  pieces,  open 
enough  to  allow  the  free  flow  of  water. 

When  these  lands  were  first  brought  under  cultivation  they  were 
remarkably  fertile  and,  to  all  appearances,  would  never  need  drain- 
ing. Within  a  few  years  spots  of  wet  land  began  to  appear  in  the 
fields,  alkali  accumulations  followed,  and  the  spots  spread  until  whole 
farms  had  to  be  abandoned.  Such  conditions  abounded  throughout 
the  valley.  There  was  some  talk  of  draining,  but  the  close  proximity 
of  large  gullies  or  arroyos  to  such  lands,  without  any  beneficial  effect, 
made  it  seem  impossible  to  drain,  so  the  water-logging  of  farms  con- 
tinued and  farms  and  portions  of  towns  were  abandoned  until  in  1904 
it  was  estimated  that  30  per  cent  of  the  land  which  had  been  under 
cultivation  was  at  that  time  abandoned.  As  the  trouble  was  increas- 
ing, it  was  only  a  question  of  a  few  years  before  whole  tracts  would 
have  to  be  abandoned  entirely. 
3803~BaU.  8TU— 09 1 
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It  was  widi  these  prospects  omfronting  the  people  that  th^  ap- 
plied to  the  State  station  fen*  help.  The  work  was  begun  in  190i,  hf 
making  soil  water  obeerrations  at  Huntington,  and  continued  the  fol- 
lowing year  by  some  construction.  This  Office  and  the  State  co- 
operated with  the  Bureau  of  Soils,  Emery  County,  and  Mr.  E.  Lu 
Geary  in  making  an  experimental  test  on  the  farm  of  the  latter. 


Fio.  11. — Field  contour  map  showing  location  of  Oeary  farm. 

This  tract  was  typical  of  the  lands  of  the  valley,  and  contained  por- 
tions in  all  the  varying  stages  of  deterioration.  The  soil  survey  also 
showed  that  white  alkali,  ranging  from  less  than  0.2  per  cent  up  to  3 
per  cent,  existed  in  the  surface  foot  and  to  6  feet  deep.  For  the  lo- 
cation of  the  Geary  farm,  with  reference  to  the  surrounding  fields,  see 
figure  11.  Preliminary  examinations  of  this  farm  were  made,  includ- 
ing a  thorough  subsoil  survey  by  means  of  test  pits,  auger  borings, 
and  probings  with  a  steel  rod  to  a  depth  of  15  feet    The  subsoil  sur- 
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vey  brought  out  the  relation  of  the  shale  hardpan  to  the  source  of  the 
water  and  alkali.  This  formation  lay  in  ridges  and  knolls  under  an 
almost  uniformly  sloping  surface.  The  two  bogs  shown  on  the  farm 
map,  figure  12,  were  directly  over  two  of  these  shale  knolls,  and  it 
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Fig.  12. — Plan  of  draining  Oeary  farm,  Huntington,  Utah4 

was  shown  that  these  carried  to  the  farm,  from  some  distant  source, 
water  highly  charged  with  alkali.  Some  lateral  seepage  came  from 
neighboring  farms,  but  the  bulk  of  the  water  which  kept  these  bogs 
miry  for  rods  around  and  which  kept  the  soil  saturated,  was  un- 
doubtedly from  the  first  source.    Water  stood  on  the  surface  within  a 
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few  feet  of  a  deep  gully  or  arroyo  on  the  south  of  the  farm.  It  was 
clearly  evident  from  this  and  other  indications  that  the  intercepting 
method  of  drainage  would  be  necessary. 

Flans  and  Construction. 

Draintile  for  covered  drains  was  out  of  the  questicm,  on  account  of 
high  freight  rates  and  the  distance  from  the  railroad.  Lumber  was 
the  next  best  material,  and  as  this  could  be  readily  obtained  it  was 
chosen.  Boxes  were  made  of  2-inch  by  12-inch  plank  for  the  outlet, 
and  of  1-inch  by  8-inch  boards  for  the  laterals,  without  bottoms  in 
firm  ground,  and  with  bottoms  for  soft  ground.  (See  fig.  13,  a 
and  b.) 


ib) 

Fio.  18. — (a)  Box  drain  for  firm  ground;  (b)  box  drain  for  soft  groand. 

A  line  was  cut  into  the  bogs  with  the  object  of  catching  the  water 
at  a  safe  depth  below  the  surface  and  conducting  it  away  from  the 
field.  The  upper  drain  of  the  central  areas,  shown  on  the  farm  map, 
was  the  first  one  constructed.  The  outside  lines  were  laid  as  a  pro- 
tection against  lateral  seepage. 

Some  of  the  trenches  were  dug  before  the  lumber  arrived,  and  a 
heavy  rain  storm  did  considerable  damage  by  causing  the  sides  to 
cave  in.  About  half  of  the  digging  was  in  such  bad  condition  that  it 
was  impossible  to  get  the  boxes  laid  as  deeply  as  planned,  and  in 
several  cases  the  mud  was  pressed  into  the  boxes  continually.  Flush- 
ing them  with  water  was  useless,  but  by  cutting  the  boxes  into  short 
sections  and  keeping  them  laid  and  covered  to  within  a  few  feet  of 
the  digging,  some  headway  was  made.    The  boxes  were  laid  about 
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3  feet  deep  between  the  bogs,  making  it  possible  to  get  into  the  upper 
'  bog  6  feet  deep.  Here  considerable  water  was  encountered  and  from 
a  well  4  feet  deep  (see  fig.  14,  a)  in  the  bottom  of  the  trench  enough 
water  rose  and  ran  into  the  drain  to  give  a  head  of  1$  inches  over  a 
6-inch  rectangular  weir.  This  stream  has  been  constant  and  the 
total  discharge  of  the  system  has  been  nearly  constant,  except  when 
affected  by  inunediate  irrigation.  The  discharge  was  measured  at 
the  outlet  for  a  year,  and  gave  aji  average  head  of  1  inch  over  a 
12-inch  rectangular  weir  and  is  still  running.  Most  of  this  comes 
from  the  bog  holes,  and  is  hi^y  charged  with  alkali.    When  near* 


ing  the  bogs  every  ccqitrivance  failed,  and  water  was  turned  in  the 
trench  to  cut  out  the  soft  muck,  which  was  run  out  over  the  field 
below. 

Cost. 

Where  the  ground  was  dry  or  firm  and  the  depth  not  over  4}  feet, 
digging  cost  40  cents  per  rod.  Greater  depths,  up  to  &1  feet,  cost  56 
cents  per  rod.  The  digging  in  shale  was  heavy  work,  and  cost  as 
much  as  $3  per  rod  for  short  sections.  The  average  cost  for  the  first 
central  line,  including  shale  and  very  soft  mud,  was  approximately  90 
omte  per  rod. 
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The  cost  of  making  boxes  with  open  bottoms  was  about  10  cents  per 
rod.  Boxes  were  laid  and  blinded  for  20  cents  per  rod,  and  filling 
cost  approximately  8  cents  per  rod. 

The  total  cost  of  $808.67  works  out  11^  cents  per  linear  foot  and 
$20.21  per  acre  for  the  tract,  though  there  is  almost  half  as  much  more 
land  drained  outside  of  the  field. 

Extensions. 

A  portion  of  the  west-side  drain  protecting  the  northwest  comer 
became  obstructed  during  the  winter  of  1905-6  and  attempts  to  remove 
the  obstruction  proved  unsuccessful.  This  section  of  the  drain  had 
been  provided  with  boxes  open  on  the  bottom.  Straw  was  thrown 
in  the  bottoms  of  the  trenches  before  laying  the  boxes  for  the  purpose 
of  preventing  the  soft  mud  from  squeezing  into  them.  It  seems  that 
the  weight  of  the  soil  caused  it  to  flow  into  the  boxes  in  spite  of  the 
precaution  taken.  As  it  was  impracticable  to  remove  these  boxes,  Mr. 
Geary  decided  to  cut  an  open  ditch,  paralleling  this  section,  between 
it  and  the  fence.  This  ditch  was  washed  to  about  5  feet  in  depth ;  and 
plans  were  made  for  laying  boxes  in  the  same,  providing  bottcmis  for 
the  boxes  and  filling  in  the  sides  with  gravel.  (See  fig.  14,  b.)  The 
laying  of  boxes  in  this  section  has  not  been  finished,  owing  to  oilier 
troubles. 

During  the  same  season  (1906)  a  change  in  the  central  line  for  con- 
ducting the  water  away  from  the  bogs  was  planned  and  late  in  tlie 
same  year  was  partly  finished.  The  necessity  of  putting  another 
line  through  here  was  due  to  the  shallowness  of  the  first  central 
drain.  When  this  first  line  was  laid  it  was  impossible  to  get  the 
boxes  to  a  greater  depth  between  the  bogs  than  3  feet.  This  depth 
was  not  sufficient  to  prevent  excessive  evaporation  along  the  line, 
but  the  drainage  of  the  bog  had  dried  out  the  land  below,  so  that 
digging  5  feet  deep  was  now  possible.  It  was  decided  to  put  in  this 
line,  as  shown  on  the  map  (fig.  12,  p.  27) ,  in  about  the  center  of  the 
farm,  with  the  object  of  providing  a  better  outlet  and  diverting  the 
water  from  the  upper  bog  into  this  drain.  This  line  was  completed 
out  to  the  bend  immediately  below  the  bog. 

No  further  work  on  these  extensions  was  done  during  the  year 

1906,  and  cropping  operations  were  carried  on  during  the  summer  of 

1907.  A  greater  part  of  the  farm  was  planted  to  oats,  and  care  was 
taken  in  irrigating  to  prevent  any  washing  by  surface  water.  Irri- 
gation was  carried  on  immediately  over  the  drains  on  the  south  side. 
The  surface  water  was  kept  out  of  the  drains  during  irrigation,  but 
the  soil  continued  to  run  into  the  boxes  for  several  days  aft^r  the 
application  of  water,  resulting  in  the  complete  obstruction  of  the 
drains.    These  obstructions  caused  the  drainage  water  which  was 
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coming  from  the  two  bogs  to  rise  to  the  surface  and  to  seep  away  into 
the  soil  during  the  balance  of  the  summer.  There  was  no  other  out- 
let for  this  water,  so  repairs  were  undertaken  in  May,  1908. 

Subsequently,  all  boxes  were  provided  with  bottom  .boards  (leaving 
openings  of  one-fourth  inch,  as  in  fig.  13,  p.  28)  and  packed  with  sand 
and  gravel  along  the  sides.     As  it  was  impracticable  to  dig  a  new 
line  anywhere  near  these  portions  on  account  of  the  excess  of  water, 
an  attempt  was  made  to  uncover  the  boxes  on  the  south  side  of  the 
farm  by  using  surface  water  and  washing  the  earth  through  the  out- 
let ditch  into  the  large  arroyo  below.     This  attempt  resulted  in  ob- 
structions forming  in  the  outlet  drain  which  made  it  necessary  to 
uncover  these  boxes  and  remove  them.    After  washing  out  the  soft  mud 
and  providing  an  outlet  for  the  drainage  water,  work  on  relaying  the 
boxes  was  resumed.    Boards  1  inch  by  12  inches  were  nailed  onto  the 
bottoms  of  the  outlet  boxes,  and  they  would  have  been  relaid  in  the 
original  outlet  line  had  not  the  owners  on  the  south  proposed  to  cut 
an  open  ditch  running  east  from  the  southeast  comer  of  the  Geary 
field  to  the  county  road.    An  outlet  for  the  drainage  of  this  system 
was  offered,  and  200  feet  of  boxes  was  laid  along  that  line  as  a  pre- 
caution against  erosion  of  the  ditch  into  the  Geary  farm.    The  bal- 
ance of  the  closed  boxes  from  the  outlet  line  were  laid  on  the  south 
side.     A  new  drain  was  constructed  between  the  south  side  and  the 
new  central-line  work  laid  in  1906.     The  necessity  for  this  change 
was  caused  by  an  obstruction  in  the  short  diagonal  section.    After 
finishing  the  south-side  repairs  the.  completion  of  the  central  line  was 
taken  up.    This  line  was  extended  through  to  the  north  side  to  pro- 
tect the  land  below  and  to  furnish  an  outlet  through  the  reconstructed 
drain  for  water  coming  from  the  northwest  side.    The  line  extending 
northwest  into  the  bog,  with  a  branch  for  cutting  the  water  of  the 
upi>er  drain  over  into  the  lower  drain,  was  next  taken  up.     All  of 
the  work  done  during  the  season  of  1908  was  under  very  difficult  and 
discouraging  conditions.    The  expense  has  been  unusually  high,  and 
the  complete  reclamation  of  the  tract  is  not  yet  attained.    Three- 
fourths  of  the  farm  was  planted  to  oats  and  a  fair' crop  grown  on 
possibly  half  of  the  farm.    The  barrenness  of  this  field  is  slowly  but 
surely  giving  way  to  improved  conditions. 

The  total  cost  of  making  these  extensions  and  repairs,  including 
the  work  in  1906,  was  $557.45.  This  gives  a  cost  per  acre  of  $13.94, 
which,  added  to  the  original  cost  of  $20.21,  makes  $34.15  per  acre 
up  to  date. 

In  conclusion,  it  may  be  safely  said  that  unless  special  precautions 
are  taken  in  limiting  the  openings  and  protecting  the  same  by  gravel 
and  sand,  the  use  of  covered  drains  in  these  soils  will  not  prove  very 

satisfactory.     In  addition  to  these  precautions,  irrigation  must  not 
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be  carried  on  directly  over  the  drains,  and  where  irrigation  ditches 
must  cross  the  drainage  lines  flumes  should  be  provided.  There  is 
no  question  that  this  farm  has  been  greatly  improved,  as  evidenced 
by  its  appearance  and  the  crops  now  growing.  The  obstructing  of 
the  drains  and  consequent  rise  of  ground  water  on  the  south  side  of 
the  farm  also  injured  the  Johnson  tract  on  the  south.  The  cost  has 
been  higher  than  land  values  would  warrant  in  this  particular  case, 
but  there  is  every  reason  for  believing  that  success  within  the  proper 
economical  limits  will  be  attained.  Cultivation  and  irrigation  will 
be  carried  on  in  the  same  way  as  it  has  been,  and  the  Office  will  con- 
tinue to  watch  the  operation  of  the  drains  carefully  imtil  the  experi- 
ment is.  completed. 

SEVIEB  COinrTT  INVESnOATIOHS. 

The  Sevier  County  work  was  done  near  Richfield,  in  the  Upper 
Sevier  River  Valley,  which  extends  from  Gunnison  on  the  north  to 
Elsinore  on  the  south.  The  valley  is  surrounded  by  high  moimtains, 
and  although  the  rainfall  is  light  (less  than  9  inches)  the  supply  of 
irrigation  water  is  good. 

The  soil  of  the  valley  is  a  rich  red  clay,  and  was  originally  very 
productive.  The  seepage  of  surplus  irrigation  waters,  however,  soon 
began  to  destroy  the  lower  lands,  which,  as  is  generally  the  case,  were 
the  most  productive.  Boggy  places  were  formed  and  alkali  made  its 
appearance,  until  eventually  large  acreages  were  abandoned.  The  de- 
struction has  continued  to  spread,  driving  the  farmers  to  higher  lands, 
until  it  now  becomes  evident  that  unless  the  march  of  the  alkali  be 
checked  total  abandonment  will  be  the  ultimate  result.  The  soils  are 
generally  charged  with  alkali,  more  than  87,000  acres  containing  from 
0.2  per  cent  to  3  per  cent.  Richfield,  although  near  the  upper  end  of 
the  valley,  has  its  share  of  these  troubles  and  is  fairly  typical.  About 
15,000  acres  in  its  immediate  locality  are  in  need  of  drainage. 

BICHFIELD  EXFEBUCENT. 

This  experiment  was  made  on  a  tract  of  land  between  Richfield 
and  Venice,  just  above  the  Vermilion  Canal,  by  cooperation  between 
the  Office  and  the  owners,  William  and  Junius  Ogden  and  William 
Gardner. 

The  tract  has  a  general  slope  of  about  0.5  per  cent  toward  the 
southeast.  The  very  highest  portion  only  was  producihg  crops,  the 
balance  being  covered  with  salt  grass.  Some  spots  were  entirely 
bare  and  flooding  did  not  seem  to  effect  much  improvement.  The 
source  of  water  was  lateral  seepage  from  higher  lands,  flowing 
through  a  sand  substratum. 
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Flans  and  Construction. 

Two  parallel  lines  of  tile  600  feet  apart  were  planned,  one  along 
the  upper  slope  to  intercept  the  water  and  the  other  below,  each  to 
have  short  branches  to  tap  particular  spots  and  both  having  a  com- 
mon outlet,  tiled  under 
the  canal  and  then  open 
to  the  river.  The  aver- 
age depth  was  5  feet,  the 
grades  being  from  0.3  to 
0.5  per  cent,  in  order  to 
carry  away  the  fine  sand, 
etc.  Plans  are  shown 
on  the  map  (fig.  15). 
The  open-trench  outlet 
was  proposed  to  reduce 
first  cost,  but  was  later 
replaced  with  a  10-inch 
pipe  drain. 

The  open  trench  was 
first  dug,  and  then  the 
work  of  placing  the  tile 
under  the  canal  was  un- 
dertaken. A  stream  15 
feet  wide  by  1  foot  deep 
was  flowing  in  the  canal 
and  could  not  be  shut 
off,  so  it  was  necessary 
to  do  the  trenching^and 
tile  laying  in  sections 
surrounded  by  an  im- 
provised  cofferdam, 
built  of  sand  bags,  ex- 
tending partly  across 
the  canal.  Sewer  pipe 
was  used,  and  the  joints 
cemented  to  prevent 
leakage  from  the  canal. 

The  digging  was  done 
by  inexperienced  labor- 
ers, and  some  little  trou- 
ble resulted.  In  one 
case  400  feet  of  trench  had  been  excavated  and  was  left  open  from 
Saturday  imtil  Monday  morning,  with  the  result  that  seepage  caused 
the  sides  to  cave  in  and  made  the  waste  material  so  sloppy  that  an 
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attempt  to  remove  it  was  unsuccessful  and  an  offset  line  had  to  be 
constructed.  Another  difficulty  was  the  settling  of  fine  soil  particles 
in  the  tile,  requiring  them  to  be  flushed  out,  which  made  work  in 
the  trench  very  disagreeable.  In  most  of  the  work  the  back  filling 
had  to  be  kept  up  within  a  few  feet  of  the  excavating. 

The  best  results  were  obtained  by  using  a  team  of  three  diggers, 
each  taking  out  a  spading,  the  first  keeping  less  than  2  rods  in  advance 
of  the  finished  trench  and  the  last  grading  the  bottom  as  he  removed 
the  final  spading.  A  tile  layer  accompanied  the  diggers  and  kept  the 
tile  laid  and  blinded  to  within  a  few  feet  of  the  diggers. 

Cost. 

Tile  was  shipped  from  Salt  Lake  at  a  freight  cost  of  24  cents  per 
himdredweight.  Labor  was  expensive  and  hard  to  get,  so  the  final 
cost  was  rather  high.    Day  labor  cost  $2  for  eight  hours. 

Tile  f  .  o.  b.  Richfield : 

1,000  feet  4-inch  tile,  at  ^47.50  per  1,000  feet »47. 60 

2,000  feet  6-inch  tile,  at  $71.26  per  1,000  feet 142. 60 

4,000  feet  6-inch  tile,  at  |92JM  per  1,000  feet 370. 00 

160  feet  8-inch  and  10-inch  sewer  pipe,  seconds 27. 42 

60  feet  10-inch  sewer  pipe,  at  49  cents  per  foot 24. 60 

6  feet  6-inch  tees  and  1  8-inch  wye 2. 20 

10  barrels  cement  for  600  feet  10-inch  tile 50. 00 

Total $664.12 

Hauling,  diggings  laying,  etc.: 

Hauling  60  tons,  2  miles,  at  26  cesitB  per  ton  mile 25. 00 

460  rods  trenching,  at  60  cents  per  rod 270. 00 

460  rods  tUe  laying  and  filling,  at  26  c^ts  per  rod 112. 60 

26  days*  labor,  making  cement  tile,  at  $2  per  day 50.00 

Total 457. 60 

Total  cost 1, 121. 62 

As  the  field  contains  80  acres,  the  unit  cost  is  $14.02  per  acre. 

Besults. 

The  work  was  completed  in  the  spring  of  1907.  A  great  deal  of 
water  was  discharged,  apparently  frcMn  every  part  of  the  system. 
Damp  spots  were  dried  and  the  spread  of  alkali  stopped.  IrrigaticHi 
water  was  readily  removed  and  the  land  was  ready  for  cultivating 
early  in  the  spring.  Fair  crops  were  raised  the  first  season  on  por- 
tions that  had  been  poor  for  several  years.  Ten  acres  of  the  Ogden 
farm,  planted  to  oats  in  1908,  gave  an  average  yield  of  50  bushels, 
which  is  pretty  good  for  that  locality.  Mr.  Gardner  has  subjected 
his  ground  to  a  thorough  leaching  process  and  will  cultivate  a  part 
of  it  this  season  (1909)  with  coi&dence  of  general  success.    Water 
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is  still  being  discharged,  and  conditions  are  so  gratifying  that  other 
projects  are  under  way  in  this  locality.  A  drainage  district  compris- 
ing 1,000  acres  has  been  formed  at  Venice,  where  the  farmers  have 
great  faith  in  the  value  of  drainage. 

WASHnroTOir  coxnrrT  EZPEBixEirr. 

This  experiment  is  being  made  in  the  Washington  field,  near  St. 
George,  in  the  extreme  southwestern  part  of  the  State.  St.  (George 
was  settled  in  the  early  history  of  Utah,  and  irrigation  has  been 
carried  on  for  many  years.  The  high-line  canal,  which  waters  all 
the  land  on  the  south  side  of  the  river  and  heads  some  distance  up 
the  Rio  Virgin,  was  constructed  in  1891-92.  The  land,  with  water 
rights,  cost  $67.50  per  acre,  and  when  in  good  condition  gives  an 
annual  return  of  $20  to  $22  per  acre  for  ordinary  crops,  and  more  for 
fruit  or  vegetable  crops,  which  of  course  require  more  attention. 

Subsequent  to  the  opening  of  this  field  came  a  cycle  of  dry  seasons. 
The  land  was  irrigated  copiously,  and  all  portions  bore  abundantly. 
As  the  dry  cycle  kept  up  winter  irrigation  was  resorted  to,  with  a 
view  of  storing  water  in  the  soil.  Heavy  flooding  was  also  carried 
on  to  prevent  the  usual  settling  of  portions  of  the  tract  after  plant- 
ing. Another  source  of  surplus  water  was  that  stored  in  ponds  and 
used  for  stock- watering  purposes.  The  natural  result  of  all  this  was 
the  accumulation  of  water  in  the  low  spots,  the  general  saturation  of 
the  ground,  and  ultimately  the  appearance  of  alkali.  The  alkali 
spread  rapidly  until  it  covered  more  than  50  per  cent  of  the  culti- 
vated area  and  caused  its  abandonment.  The  special  reports  cover 
the  Washington  field  only,  but  the  conditions  in  this  field  are  typical 
of  those  in  others. 

A  soil  survey  was  made  in  1905  by  A.  T.  Strahom,  of  the  Bureau 
of  Soils.    The  soil  was  classified  into  four  types,  Nos.  1,  2,  3,  and  4. 

Soil  No.  1  is  found  in  the  extreme  northwestern  part  of  the  field, 
well  up  toward  the  canal,  and  covers  but  a  small  area.  It  is  a  yel- 
lowish red  sand,  medium  to  coarse,  containing  small  rounded  gravel 
at  various  depths,  and  extends  to  a  depth  of  3  feet.  Along  the  lower 
edge  a  fine  silt  has  been  deposited  by  irrigation  waters.  The  soil 
is  loose  and  on  an  elevation ;  so  the  drainage  is  good,  and  little  alkali 
has  made  its  appearance.  After  an  application  of  water  the  surface 
bakes  slightly,  but  crumbles  easily.  The  soil  was  weathered  from  the 
Iiills  on  the  west,  the  lighter  portions  being  carried  farther  away. 
Alfalfa  occupies  the  tract  and  yields  from  4  to  5  tons  per  year  in 
four  crops. 

Soil  No.  2  covers  most  of  the  slope  of  the  field,  and  is  a  red,  sandy 
loam  of  uniform  texture,  having  a  depth  of  3  feet  or  more.    The  only 
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variations  are  a  layer  of  gypsum  and  sand  hardpan  in  the  southern 
part  of  the  field,  and  a  thin  stratum  of  coarse  sand.  The  nature  of 
this  soil  is  such  that  it  is  easily  cultivated,  bakes  slightly  upon  being 
wetted,  but  offers  no  particular  resistance  to  the  growth  of  plants. 
It  is  not  much  affected  by  alkali  and  yields  good  crops  of  alfalfa, 
often  6  tons  per  season.  Berries  and  fruits  can  also  be  grown  to 
good  advantage. 

Soil  No.  3  covers  the  floor  of  the  lowland  and  consists  of  from 
0  to  12  inches  of  loam  or  clay  loam,  brown  or  red,  underlain  by  a  red 
loam  to  86  inches.  The  loam  of  the  last  foot  is  oft^i  replaced  by  a 
heavy  sand  loam.  This  soil  comprises  the  ^'  old  lake  bottom  ^  and  is 
heavy  and  sticky  and  difficult  to  handle,  as  it  turns  up  in  large  clods, 
hard  to  pulverize,  if  plowed  too  wet.  If  plowed  too  dry,  it  powders 
and  then  puddles  upon  being  irrigated.  This  puddled  surface  proves 
a  barrier  to  the  growth  of  grain.  The  soil  was  deposited  from  slow- 
moving  or  standing  water,  after  the  coarser  grains  had  been  left 
on  the  slopes.  It  is  now  so  highly  impregnated  with  alkali  as  to 
be  unfit  for  cultivation,  and  is  also  a  basin  for  all  surplus  water.  A 
heavy  growth  of  sedges  and  tules,  with  a  border  of  salt  grass,  occupies 
the  wettest  parts.    Useful  vegetation  has  almost  entirely  disappeared. 

Soil  No.  4  covers  a  narrow  strip  on  the  west  slope  next  the  slough 
and  consists  of  36  inches  or  more  of  a  clay  loam,  brown  with  organic 
matter  in  the  surface,  and  represents  the  finest  and  latest  deposit 
of  the  water-borne  particles.  Alkali  is  strongly  evident,  but  the 
water  table  is  lower  than  in  that  of  soil  No.  3. 

There  are  large  quantities  of  sulphates,  considerable  quantities  of 
chlorids,  and  small  quantities  of  bicarbonates  in  all  of  the  classes  of 
soil  described.  The  alkali  is  quite  uniformly  distributed  throughout 
the  first  8  feet,  being  slightly  stronger  in  the  surface. 

EXPEBIMENTAL  T&ACT. 

The  location  of  the  tract  is  shown  on  the  field  map  (fig.  16),  and 
local  conditions  on  the  experimental  tract  map  (fig.  17).  The  soil  is 
mostly  No.  2,  except  in  the  southwest  comer,  where  soil  No.  3  is  in 
evidence.  This  entire  tract  has  been  under  cultivation,  and  all  of  it 
yielded  abundantly  except  the  north  20  acres,  which  seemed  lacking 
in  fertility.  The  tract  owned  by  Mr.  McArthur  soon  showed  the 
effect  of  the  irrigation  of  the  higher  lands.  The  wet  area  increased, 
and  alkali  appeared  in  sufficient  quantities  to  prevent  the  growth  of 
crops.  The  other  tracts  were  partly  affected  in  the  same  way.  The 
Brown  and  Woodbury  fields  produced  alfalfa  only  in  the  higher 
portions. 
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Pljuu  and  CooBtmctioii. 
These  fields  were  examined  in  1904,  and  the  1905  work  was  begun 
under  a  cooperative  agreement,  the  owners  to  furnish  the  labor,  while 
the  Office  supplied  the  materials  and  superintendence.  The  sj^tem 
consisted  of  four  parallel  lines  running  diagonally  across  the  slope, 
equidistant  from  each  other  and  intended  to  act  as  intercepting 
drains.  The  upper  one,  placed  at  the  upper  edge  of  the  saturated 
area,  was  the  only  one  crossing  the  entire  tract  The  object  of  this 
was  to  determine  how  far  the  effect  would  reach  down  the  slope. 


TdraINS    (PROPOStD) 


"V''^^,»-V-V-vV*N 


Lumber  box  drains  were  used,  as  the  use  of  tile  was  proliibited  by 
excessive  cost.  The  lines  were  kept  well  away  from  trees  to  avoid 
the  obstruction  of  the  drains  by  roots.  The  depths  were  from  3  to  6 
feet,  and  the  grades  from  0,1  per  cent  to  0.9  per  cent.  The  tools  used 
were  long-handled  shovels  for  digging  and  tile  hoes  for  grading. 
The  diggers  worked  in  teams  of  two.  Sections  of  the  box  drain  were 
laid  as  the  dicing  progressed.  The  drain  was  completed  at  a  rate 
of  200  feet  per  day,  at  a  cost  of  95  cents  per  rod. 
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Cost. 


The  work  of  making  boxes,  digging,  and  laying  was  done  togetheTi 
so  that  separate  costs  could  not  be  kept.    The  cost  of  making  boxea 


OUTLtT     OBAIM 
Fio.  17. — Plan  of  draining  experimental  tract,  St  George*  Utah. 

would  be  about  70  cents  per  100  feet.  The  following  table  shows  the 
cost  as  done  by  different  men.  The  Brown  work  was  the  heaviest 
Mr.  Moss  used  a  team  for  a  part  of  his  work. 
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Oo8t  of  draining  experimental  tract,  8t,  George,  Utah, 


Acres. 

Length 
of  drain. 

Cost  per  100  feet. 

Amount. 

Owner. 

Dla^g, 
maUng. 

and 
Uylng. 

Pilling. 

Total 

per  100 

feet. 

TotaL 

Cbtt  of  labor. 
T.  T.  Oottam . 

20 
20 
40 
20 
20 

2,672 

2,672 

1,249 

660 

640 

$3.73 
4.14 
4.40 
4.30 

5.78 

$0.60 

.40 

.72 

.83 

1.00 

$4.33 
4.54 

5.12 
5.22 
6.87 

$115.70 

121.80 

64.00 

34.50 

44.00 

JaniM  Mc  Arthur ,, 

E.  M.  Brown 

J.  T.  Woodlmry 

D.  A.  Moos 

Total 

7,803 

370.50 
22.00 

Burreylnff... 

$4eLfiO 

Oottofm 

14,633  feet  b.  m.  rough  lumber,  at  $31.50  pei 
306  pounds  10-penny  nails,  at  $0,057  per  ] 

uUerial. 
rM 

40a04 
22.67 

pound 

483.51 

Grand  total 

885.01 

Actual  cost  per  100 feet  for  lab<»'. 
Actual  ooet  per  100  feet  for  mater 

4.81 
6.40 

lata  and  au 

rveying ... 

Total 

11.21 

Costs  per  acre  range  from  $8.60,  where  one  line  was  used,  to  $14.61, 
where  four  lines  of  drains  were  necessary. 

Besults. 

The  results  of  this  system  have  not  been  very  gratifjring,  although 
tiie  ground-water  level  was  lowered  considerably,  and,  under  the 
ordinary  methods  of  cultivation  and  management,  the  crops  showed 
an  improved  condition.  Irrigation  water  found  its  way  into  the 
drains  and  carried  a  great  deal  of  ground  with  it,  with  the  result 
that  the  entire  system  has  become  inactive. 


Some  new  work,  using  boxes  with  narrow  openings  and  gravel- 
filter  packed  around  the  boxes,  as  at  Huntington,  was  begun  in  1908. 
This  drain  was  installed  on  the  farm  of  Mr.  McArthur  and  consisted 
of  a  covered  box  drain  running  diagonally  across  the  field  from  the 
southeast  to  the  northwest  at  a  uniform  depth  of  5  feet.  A  well, 
intended  to  relieve  substratum  pressure,  was  sunk  near  the  center  of 
the  field  and  in  line  with  the  drain.  This  well  was  10  feet  deep  and 
4^  feet  square  and  boxed  up.  Water  rose  in  the  well  and  flowed 
out  of  the  drain,  but  as  this  movement  was  discontinued  as  soon  as 
the  ground-water  level  fell  below  the  level  of  the  drain,  it  is  not 
thought  to  have  been  due  to  substratum  pressure.  The  drain  has  a 
grade  of  0.2  per  cent  for  the  first  100  feet  to  a  sand  trap,  0.8  per  cent 
for  the  next  500  feet,  and  1  per  cent  for  the  remainder  of  the  length. 
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It  consists  of  boxes  6  inches  by  6  inches,  having  the  bottom  separated 
from  the  sides  by  means  of  short  lengths  of  lath.  The  drain  empties 
into  a  tight  box  conduit,  650  feet  long,  running  north  to  the  open 
ditch,  along  the  county  road,  into  which  it  discharges.  This  con- 
duit is  the  property  of  the  Washington  Field  Irrigation  Company. 

The  trench  was  dug  by  hand,  and  back  filled  by  means  of  a  plow 
and  two  teams. 

Cost. 

Well  and  sand  trap: 

Digging  well  and  casing  same,  3  men  3  days,  at  $2  per  day $18. 00 

Making  casing,  1  man  2  days,  at  $2  per  day 4. 00 

Lumber  for  casing 3.00 

Nails 1.00 

Bope  for  windlass 1.  75 

Total  cost  of  well $27.75 

Labor,  making  sand  trap,  4  men  1  day,  at  $2  per  day 1_      8. 00 

Lumber 2. 00 

Nails .75 

Total  cost  of  trap 10.75 

Total  cost  of  well  and  trap 38.  50 

Digging  86  rods  of  trench,  making  and  laying  boxes,  and  back  filling : 

Labor 163. 40 

NaUs $7.  20 

Gravel 27. 52 

Lumber 100. 05 

Cost  of  material 134.77 

Total  cost  of  trench 29a  17 

To  get  an  idea  of  the  cost  of  draining  land  in  this  locality,  data 
were  taken  from  the  previous  experiment  Material  is  necessarily 
expensive  by  reason  of  the  geographical  position  of  St.  George.  The 
work  was  done  in  summer  and  also  when  the  water  was  high,  two 
important  factors  in  increasing  the  cost  of  labor. 

The  total  cost  was  shown  to  be  $298.17,  which  gives  a  unit  cost  of 
$3.47  per  rod  and  $14.90  per  acre.  This  cost  will  be  increased  slightly 
if  it  is  found  necessary  to  add  a  lateral  to  the  system. 

Besults. — ^This  drain  was  finished  early  in  July,  1908,  and  dis- 
charged some  water  for  a  short  period,  but  the  water  level  soon  fell 
below  that  of  the  drain,  where  it  remained  until  November.  During 
the  winter  a  stream  of  about  0.05  cubic  foot  per  second  was  dis- 
charged, more  than  half  of  which  came  from  above  the  relief  well. 
No  prediction  as  to  the  ultimate  success  of  this  drain  can  be  made  at 
this  time. 
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Proposed  Bxten^ons. 

Some  special  examinations  were  made  in  this  locality  in  the  fall 
of  1908  to  determine  the  source  of  the  seepage  which  is  destroying  the 
lower  Washington  field.  The  theory  had  been  advanced  that  the 
water  was  nnder  pressure  in  the  lower  parts  of  the  field,  being  coa- 
fined  by  a  hardpan,  through  which  it  found  its  way  in  weak  places 
Or  breaks.  If  such  conditions 
were  found,  relief  wells  were  to 
be  installed  in  the  hope  of  pro- 
viding an  outlet  for  the  water. 

The  examinations,  carefully 
conducted,  failed  however  to  re- 
veal any  of  the  expected  condi- 
tions, and  wells  placed  in  the 
most  likely  places  gave  no  re- 
sults. No  hardpan  layers  were 
found  at  ordinary  depths,  nor 


(b) 

Fig.  18.^ — ProiHW^  trench  >Jid  drains  for  WiBhln^on  Held.  St.  George,  Utah:  (a)  Cross. 
section  of  open  treneli  tor  main  drain ;  (b)  detail  of  box  drain  foi  coTered  main  drain ; 
(o>  ccoBs.BectlonB  of  boi  draJiiB  for  branches  I,  II,  and  III. 

was  any  water  under  pressure  discovered.  The  ground  water 
was  fairly  level  throughout  the  slough  and  continued  level  until  it 
pinched  out  on  the  slope,  on  the  west  and  soutti  sides,  and  the  south- 
east comer.  On  the  east  side,  throughout  the  length  of  the  experi- 
mental tract,  howevo",  the  water  followed  the  slope  of  the  surface  up 
to  within  one-quarter  mile  of  the  canal,  whence  it  again  became 
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nearly  level.  It  was  also  found  that  the  ground  under  the  canal  was 
as  dry  as  dust  to  a  depth  of  15  feet  These  facts  seem  to  indicate 
that  the  water  comes  directly  from  irrigation  of  the  higher  lands  in 
the  field.  The  investigations,  in  connection  with  past  experience  and 
data  gathered  at  various  other  times,  point  out  the  necessity  of  con- 
structing deep,  open  ditches  of  ample  capacity,  tapping  the  lowest 
portions  of  the  field  and  discharging  toward  the  river.  As  an 
important  supplement,  carefully  placed  intercepting  drains  should 
also  be  used  on  the  gentle  slope  to  the  east.  The  branch  drains 
should  be  covered  and  the  main  also,  where  it  cuts  through  boggy 
places;  or,  as  the  main  would  lie  along  a  public  highway,  it  might 
be  advisable  to  have  the  whole  length  covered.  A  proposed  system 
is  shown  on  the  map  (fig.  16,  p.  37).  Sections  of  the  proposed  ta^nch 
and  conduits  are  shown  in  figure  18,  a,  &,  and  c. 

Estimated  cost. 

Bzcavating  main  drain,  12,845  cubic  yards,  at  15  cents  per  yard $U  926. 75 

Eixcavating  trenches  for  branches,  14,250  feet,  at  7  cents  per  foot 997. 50 

Lumber  for  small  boxes,  25,000  feet  b.  m.,  at  $90  per  1,000  feet 750.  OO 

Lath,  36  bundles,  at  25  cents  per  bundle 9.  OO 

Nails,  505  poundB  10-penny  and  lath  nails,  at  6  cents  per  pound 30. 90 

Lumber  for  branch  II,  30,187  feet  b.  m.,  at  $30  per  1,000  feet 905. 61 

Gravel  for  filling  around  boxes,  14,250  feet,  at  2  cents  per  foot 285. 00 

Labor  in  making  and  laying  boxes,  14,250  feet,  at  1  cent  per  foot 142. 50 

Back  filling,  14,250  feet,  at  1  cent  per  foot 142.50 

Total 5, 189. 16 

If  it  is  found  advisable  to  use  a  covered  main,  the  following  will  bo 

the  cost  of  same : 

Excavating  trench,  5,780  feet,  at  14  cents  per  foot $809. 20 

Lumber,  part  A,  17,600  feet  b.  m.,  at  $30  per  1,000  feet 52a  00 

Lumber,  part  B,  15,840  feet  b.  m.,  at  $30  per  1,000  feet 475. 20 

Lumber,  parts  C  and  D,  35,586  feet  b.  m.,  at  $30  per  1,000  feet 1, 067. 58 

Labor,  making  and  laying,  5,780  feet,  at  3  cents  per  foot 173-  40 

Nails,  1,126  pounds  10-penny  and  lath  nails,  at  6  caits  per  pound 67. 56 

Back  filling,  5,780  feet,  at  2  cents  per  foot 115.  60 

Total  for  covered  main 3, 236.  54 

Cost  of  branches 3, 262. 43 

Total,  using  covered  main ,     6, 498. 97 

Total,  using  open  main 5, 189. 16 

Difference 1, 309. 81 

Ck>8t  per  acre,  using  open  main,  $6.83 ;  using  covered  main,  $8.55. 

This  proposed  system,  as  elaborated  by  experience  in  the  field,  is  a 
development  of  the  original  plans.* 


a 


o  U.  S.  Dept  Agr.,  Office  of  Ebcperiment  Stations  Bui.  158,  part  9. 
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DRAXNB  IN  THB  TOWN  OP  ST.   OEOBOB. 

During  the  fall  of  1905  the  town  council  put  in  a  lumber  box  drain, 
following  the  plan  of  the  field  work,  under  direction  of  the  drainage 


Tto,  19. — Town  dTclnaxe  map,  BL  Oeorge.  Utah. 

engineers  of  this  Office.    The  main  was  laid  up  Second  West  street,  as 
shown  on  the  accompanying  map  (fig.  19),  and  two  laterals  west  on 


44  DBAINAGE  OF  IBBIOATBD  IAND6. 

Tabernacle  and  Second  North  street  to  Fourth  West  street.  This  por- 
tion of  the  town  had  been  wet  for  several  years  and  was  typical  of  the 
field  condition.  The  drains  were  made  of  1-inch  by  6-inch  boards, 
without  bottoms,  and  were  laid  on  an  average  of  5  feet  deep.  Grades 
ranged  from  1  per  cent  to  2f  per  cent.  Some  construction  troubles 
were  encountered.  Quicksand  and  loose  ground  gave  some  trouble, 
and  several  ridges  of  cemented  sand,  running  east  and  west,  made  the 
use  of  a  pick  necessary. 

This  system  has  proved  very  successful,  and  extensions  are  planned. 
Wet  places  were  dried  and  vegetation  greatly  helped.  Some  care 
here  has  also  been  found  necessary  to  prevent  irrigation  water  from 
finding  its  way  into  the  drains.  Such  trees  as  the  tamarack  can  not 
be  permitted  in  the  vicinity  of  the  drains.  During  the  last  year 
trouble  has  been  occasioned  by  the  water  cutting  outside  of  the  boxes 
and  letting  the  surface  ground  fall  in,  thus  leaving  objectionable 
holes.  Hereafter  the  city  will  use  drain  boxes  with  bottoms  and 
with  gravel  packed  along  the  sides. 

DRAIHAOE  OF  IBBIOATED  LAHDS  IH  OTHEB  STATES. 

Passing  to  other  States,  it  should  be  noted  that  irrigated  land  has 
been  successfully  drained  by  some  one  of  the  methods  employed  in 
Utah.  Some  of  the  wet  lands  about  North  Yakima,  Wash.,  have  been 
reclaimed  by  underdrains  placed  diagonally  across  the  slope  at  a 
depth  of  5  feet,  in  such  a  manner  as  to  intercept  the  imderflow 
from  the  higher  lands,  which  are  so  largely  underlain  by  gravel  as 
to  permit  a  ready  flow  of  soil  water  to  lower  lands.  These  drains 
are  discharged  into  receiving  drains,  either  open  or  covered,  which 
lead  the  water  to  some  natural  stream.  Where  the  construction  of 
the  intercepting  ditches  has  been  omitted  the  land  has  not  been 
satisfactorily  drained. 

The  well  system  has  proved  valuable  and  often  efficient  in  sections 
of  Colorado,  where  the  gravel  which  supplies  the  water  lies  8  or  9 
feet  below  the  surface,  and  also  in  some  instances  where  the  loose 
loam  soil  rests  upon  a  stratum  of  hard  clay.  Wells  of  any  convenient 
cross  section  are  excavated  to  the  water-bearing  stratum,  from 
which  a  tile  or  box  conduit,  laid  about  4  feet  deep,  leads  the  water 
which  rises  in  the  well  into  a  receiving  drain. 

Where  the  land  is  level  and  the  soil  fine  and  homogeneous  in  char- 
acter, like  that  near  Fresno,  Cal.,  it  has  been  found  best  to  lay  under- 
drains about  6  feet  deep  directly  through  such  lands  as  are  aflfected 
by  seepage  and  alkali.  These  collect  soil  water  from  a  considerable 
distance  on  either  side  by  ordinary  percolation  and  deliver  it  into  a 
sump,  from  which  it  is  pumped  into  surface  ditches.  The  difficul- 
ties which  attended  the  construction  of  the  drains  in  the  Fresno  dis- 
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trict  were  similar  to  those  described  elsewhere  in  this  bulletin.  It 
has  been  found  necessary  to  observe  the  same  precautions  in  the  sub- 
sequent management  of  both  drains  and  fields  as  is  found  necessary 
in  Utah. 

PBDTCIPLES  AHD  PEACTICE. 

LANDS  NEEDINO  DBAINAOE. 

Irrigated  lands  needing  drainage  may  be  divided  into  three  classes: 

(1)  Those  injured  by  excess  of  water  only. 

(2)  Those  affected  by  an  excess  of  both  water  and  alkali. 

(3)  Those  having  an  excess  of  alkali  only. 

The  first  class  is  the  least  extensive  of  the  three,  the  extent  of  in- 
jury depending  upon  the  value  of  the  crops  that  may  be  grown  on 
the  land  when  dry.  The  greatest  danger  of  serious  loss  in  this  kind 
of  land  is  that  alkali  may  accumulate  in  injurious  quantities  with  the 
lapse  of  time.  In  the  irrigated  region  there  is  very  little  seepage 
water  which  does  not  contain  some  alkali  in  solution,  which  tends 
to  accumulate  to  an  injurious  degree  in  saturated  land.  Inquiry  into 
the  history  of  lands  which  have  become  badly  affected  with  both 
alkali  and  water  show  that  when  injury  first  becieune  noticeable  such 
lands  could  have  been  protected  from  further  injury  with  as  much 
profit  as  attended  the  reclamation  of  lands  affected  by  water  only. 

It  is  to  the  second  class  that  most  of  the  lands  belong  which  now 
need  drainage  in  the  irrigated  sections.  Alkali  accumulations  usu- 
ally follow  accumulations  of  seepage  water.  If  one  admits  that  this 
condition  is  a  forerunner  of  total  abandonment,  surely  no  argument 
is  necessary  to  convince  him  that  such  lands  belong  to  the  class  that 
should  be  drained. 

Lands  of  the  third  class  are  principally  those  in  the  virgin  state, 
having  enough  alkali  uniformly  distributed  through  the  soil  to  a 
depth  of  6  feet  to  cause  crop  failure  after  a  few  years  of  irrigation, 
because  of  insufficient  underdrainage.  The  lowlands  of  Millard  and 
s<Hne  of  those  in  Salt  Lake,  Weber,  Boxelder,  and  Emery  counties, 
Utah,  belong  in  this  class.  If  irrigated  lightly,  the  alkali  will  in 
time  become  concentrated  at  the  surface,  and  if  irrigated  copiously, 
without  underdrainage,  water-logging  will  follow. 

ATiKALT  AND  GSGUND  WATEB. 

The  relation  of  alkali  to  drainage  is  important  and  must  be  taken 
into  account.  In  speaking  of  alkalies  in  his  book  on  '^  Soils,''  Hilgard 
says: 

They  are  the  natural  result  of  a  light  rainfall,  Insufficient  to  leach  out  of 
the  land  the  salts  that  always  form  in  It  by  pfogressiye  weathering  of  the  rock 
powder,  of  which  aU  soils  largely  consist 
871 
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Ordinarily  alkali  is  made  up  of  one  or  more  of  the  following  saltB 
in  varying  proportions:  Sodium  chlorid  (common  salt),  sodium  sul- 
phate (Glauber's  salt),  magnesium  sulphate  (Epsom's  salt),  cakdmii 
chlorid,  and  calcium  sulphate,  all  of  which  are  white  alkalis,  and 
sodium  carbonate  (sal-soda)  or  black  alkali.  The  latter  is  so  called 
on  account  of  the  dark  stains  on  the  ground  caused  by  the  dissolution 
of  the  soil  humus  or  vegetable  matter.  These  salts  and  also  the 
mineral  plant  foods  are  readily  soluble  in  water,  so  that  in  the  humid 
countries  the  constant  leaching  removes  not  only  the  injurious  salts 
but  also  part  of  the  plant  foods.  This  accounts  for  the  intrinsic 
fertility  of  the  arid  lands  as  compared  with  humid  lands.  The 
account  of  the  origin  of  alkali  naturally  suggests  the  control  by 
irrigation  and  imderdrainage. 

Of  the  fundamental  principles,  those  relating  to  ground  water  and 
its  movements  are  perhaps  the  most  important.  There  is  no  ques- 
tion that  seepage  is  an  actual  accompaniment  of  all  irrigation.  It 
has  been  found  in  all  irrigated  coimtries,  doing  damage  and  requiring 
drainage.  The  sources  of  supply  are  leakage  from  canals,  surface 
applications,  and  precipitation.  If  the  soil  has  the  capacity  for  dis- 
charging this  water  as  fast  as  it  is  supplied  no  damage  will  be  done. 
If,  on  the  other  hand,  more  than  its  capacity  is  supplied  trouble  will 
surely  follow.  Soils  in  the  Bear  River  Valley,  Utah,  having  a  depth 
of  40  feet  and  a  fair  surface  slope  have  been  known  to  fill  after 
fifteen  years  of  irrigation  until  water  rose  to  the  surface,  doing  con- 
siderable damage. 

A  proper  appreciation  of  seepage  conditions  often  involves  a  knowl- 
edge of  the  ability  of  water  to  transmit  pressure  between  two  points, 
due  to  di£Ferences  of  elevation.  This  is  often  manifested  in  irrigated 
sections  by  ground  water  springing  up  through  the  innumerable  soil 
pores.  Such  a  condition  indicates  a  porous  substratum  filled  with 
water  exerting  a  pressure.  When  this  substratum  is  too  deep  to  cut 
into  by  a  drain,  outlet  wells  connecting  with  the  drains  at  an  ordi- 
nary depth  afford  the  best  solution. 

Another  physical  property  affecting  the  movement  of  ground  water 
and  of  great  importance  is  that  called  capillary  attraction.  This 
phenomenon  was  named  from  the  inherent  ability  of  liquids  to  rise 
in  small  hair-like  or  capillary  tubes  above  their  free  surfaces.  Water 
rises  higher  in  the  tubes  and  also  in  soil  particles  than  any  of  the 
other  liquids.  This  property  is  most  essential  to  plant  life  and  crop 
production,  but  imcontroUed  in  alkaline  soils  it  hastens  the  accumu- 
lations of  alkali  at  the  surface.  In  soils  varying  from  coarse  sand  to 
very  fine  clay,  water  will  rise  by  this  attraction  from  2  to  6  feet 
When  the  surface  is  allowed  to  become  hard  and  baked,  as  when 
abandoned  or  allowed  to  stand  idle,  a  surface  tension  is  formed  which 
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increases  tiiis  attraction  and  the  consequent  evaporation.  It  is  the 
evaporation  of  large  quantities  of  water  containing  alkaline  salts  in 
solution  that  does  the  damage.  The  evaporated  water  passes  off 
nearly  free,-  leaving  the  alkali  in  the  surface  soil.  Experiments  have 
shown  that  of  the  water  applied  in  ordinary  irrigation,  without  cul- 
tivation, from  30  to  60  per  cent  is  evaporated  from  the  surface.  If, 
in  addition  to  this,  seepage  water  from  higher  lands  or  canals  con- 
taining much  alkali  is  within  reach  of  capillary  attraction,  and  the 
surface  poorly  cared  for,  thus  increasing  evaporation,  alkali  accumu- 
lations surely  follow.  A  minimum  depth  of  4  feet  for  drains,  with 
cultivated  or  shade  crops,  has  been  the  practice  of  the  drainage  en- 
gineers of  this  Office,  though  deep  drainage  from  5  to  6  feet  is  pre- 
ferred. 

PLANS  FOB  DBALNAGE. 

The  soils  of  the  arid  regions  have  not  been  subject  to  percolating 
water  since  their  formation,  as  the  humid  soils  have  been,  and  con- 
sequently are  without  the  drainage  pores  of  the  latter.  If  they  have 
any  water  pores  at  all,  they  are  those  of  the  water  doing  the  damage. 
The  water  applied  to  the  higher  lands  affects  the  lower  lands,  where 
it  flows  out  or  comes  near  the  surface,  whether  in  light  or  heavy  soil. 
In  moving  laterally  through  the  body  of  the  soil  the  water  will  flow 
along  the  lines  of  greatest  slope  and  will  not  drain  well  into  tile  lines 
parallel  to  its  movement.  The  drainage  water  in  all  of  these  experi- 
ments has  foimd  its  way  through  some  special  underground  passage, 
or  stratum,  or  some  modification  of  these,  rather  than  uniformly 
through  the  soil.  The  experiments  in  Emery  and  Weber  counties 
were  particular  examples  of  the  flow  through  some  special  under- 
ground passages,  while  the  others  were  modifications.  Conditions 
similar  to  those  in  Emery  and  Weber  counties  were  observed  in 
Paonia  and  Delta,  Colo.  At  both  of  these  places  the  efforts  to  drain 
the  land  were  proving  unsuccessful.  These  and  a  dozen  other  illus- 
trative examples  may  be  cited  where  special  treatment  was  necessary ; 
but  those  named  are  enough  to  show  that  the  method  of  intercepting 
the  water  as  it  enters  the  field  or  soil,  either  by  lateral  seepage  or 
some  lower  passage,  is  highly  essential  to  success.  However,  inter- 
cepting drains  are  not  all  that  are  necessary.  In  nearly  every  in- 
stance outlet  lines  through  the  lowest  wet  portions  are  absolutely 
necessary,  as  is  the  case  in  humid  sections. 

Before  drainage  work  can  be  taken  up  with  any  surety  of  success 
these  underground  conditions  must  be  determined.  If  expensive 
mistakes  are  to  be  avoided,  the  subsoil  examinations  must  not  be 
neglected.  The  first  method  of  making  such  examinations  is  that  of 
digg^^g  ^^st  pits.  Under  ordinary  conditions  a  depth  of  6  feet  can 
be  reached  without  any  difficulty.    The  test  pit  is  also  valuable  for 
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showing  the  nature  of  the  digging  for  whidi  special  methods  may  be 
necessary.  Another  method  is  to  use  a  soil  auger,  made  of  a  2-incfa 
wood  bit  and  ^-inch  gas  pipe,  with  which  holes  can  be  put  down  12 
feet,  if  gravel  is  not  present.  A  long  steel  rod  probe  f  inch  in  diame- 
ter can  often  be  used  to  advantage  in  soft  ground. 

The  kind  of  drain  to  be  employed  in  farm  drainage  will  be  det^*- 
mined  largely  by  local  conditions.  Open  ditches  are  sometimes  used 
for  farm  drainage,  but  more  often  for  outlet  and  main  drains.  The 
principal  objections  to  the  use  of  open  ditches  for  farm  ditches  are  the 
loss  of  land  and  the  high  initial  cost  if  sufficient  side  slope  is  giv^i 
them.    If  side  slopes  are  left  steep  the  maintenance  expenses  are  high. 

Covered  drains  may  be  divided  into  the  following  forms :  Tile,  lum- 
ber boxes,  stone,  brush,  and  mole-plow  drains.  Burned  day  tiles, 
chiefly  in  a  round  form  and  in  1-foot  sections,  have  been  in  use  for  more 
than  four  hundred  years  and  have  proved  satisfactory.  They  have 
been  known  to  endure  for  one  hundred  years.  Some  kinds  of  day 
tile,  when  left  upon  the  surface  of  the  ground,  will  be  disintegrated 
by  soil  alkali  and  by  freezing.  The  old  idea  that  tile  should  be  porous 
has  been  abandoned. 

The  use  of  lumber  box  drains  has  been  described  in  the  preceding 
pages  in  connection  with  the  experiments  in  Emery  and  Washington 
counties.  Stone  box  drains  have  not  been  used  to  any  extent  in'tiiese 
districts  so  far  as  known,  but  brush  and  loose  rock  drains  have  been 
observed  to  fail  by  filling  with  sand  and  silt. 

If  farm  drains  must  be  laid  along  lines  of  water-loving  trees  and 
within  100  feet  of  them,  the  drains  should  be  open  ditches  to  prevent 
roots  from  obstructing  them.  The  need  of  covered  drains  in  orchards 
requiring  drainage  has  necessitated  a  method  of  removing  the  roots 
without  removing  the  tile.  In  California,  cables  are  strung  through 
the  tUe  and  root  brushes  pulled  through  short  sections.  A  similar 
method  was  also  employed  in  the  Point  Lookout  experiment,  as  pre- 
viously mentioned. 

The  questions  of  locating  the  lines  and  determining  their  sizes  and 
depths  will  have  to  be  determined  by  judgment,  applying  the  funda- 
mental principles  herein  stated.  No  general  directions,  such  as  a 
gridiron,  double  main,  and  single  line  or  parallel  systems,  commonly 
used  for  drainage  in  himiid  districts,  can  be  given  for  this  kind  of 
drainage.  Such  systems,  with  parallel  lines  1  rod  apart,  might  fail 
entirely  if  applied  to  some  irrigated  fields.  If  after  careful  examina- 
tion the  trouble  is  located  as  lateral  seepage,  a  single  line  should  be 
laid  across  the  line  of  greatest  slope  2  to  6  rods  below  the  upper  line 
of  the  wet  spot.  Such  spots  are  usually  small  and  one  line  may  be 
sufficient,  but  an  outlet  line  or  branch  should  be  laid  through  the  low 
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groond  or  basin.  The  distance  down  the  slope  affected  by  a  drain 
will  vary  from  300  to  2,000  feet,  according  to  local  conditions.  If 
the  source  is  found  to  be  in  particular  spots,  as  at  Huntingtcm,  Emery 
County,  a  branch  for  each  spot  will  be  necessary.  Wells  as  outlets 
for  water-bearing  porous  substrata  should  be  located  at  the  end  of  the 
pocket  if  it  pinches  out,  and  on  the  lowest  ground  if  it  extends  all  the 
way  under  the  tract 

Lateral  and  main  outlet  drains  should  be  clear  to  a  depth  of  5  feet, 
especially  if  tbey  are  intended  for  farm  outlets  on  such  land^  The 
depth  of  covered  drains  for  arid  soils  is  determined  by  two  factors. 
The  first  is  the  depth  of  the  drained  soil  necessary  tor  different  crops. 
For  grasses  and  cereals  a  soil  depth  of  8  feet  is  sufficient.  Fruit  trees 
and  alfalfa  should  have  traoL  5  to  6  feet,  and  still  greater  depths  are 
advantageous.  The  other  factor  in  alkaline  lands  is  capillary  attrac- 
tion. The  height  to  whidi  water  will  rise  and  evaporate  in  large 
quantities  is  the  minimum  depth  allowable  for  ground-water  level. 
Generally  the  water  should  be  kept  from  4  to  6  feet  below  the  surface 
to  satisfy  these  requirem^its.  The  minimum  grade  is  0.1  per  cent 
and  may  be  increased  to  as  much  as  5  per  cent  if  necessary.  Sizes 
from  4  to  6  inches  will  be  sufficient  for  laterals  in  day  soils,  with 
larger  sizes  for  coarser  soils.  A  study  of  the  plans  given  in  this 
bulletin  will  show  that  fewer  drains  are  needed  in  the  irrigated  sec- 
tions than  in  the  humid. 

Plans  for  drainage  other  than  small  inexpensive  lines  should  always 
include  surveys.  Level  surveys,  both  preliminary  and  final,  are  abso- 
lutely necessary.  *rhe  need  of  surveys  for  expensive  tile  or  op^i 
ditch  work  ought  not  to  be  questioned.  The  enormous  losses  to 
farmers  and  cooperative  companies  in  the  past,  when  constructing 
irrigating  works  without  competent  engineering  supervision,  should 
be  a  lesson,  and  similar  mistakes  should  not  be  repeated  in  undertak- 
ing expensive  drainage  works.  At  the  time  when  final  surveys  are 
made  the  lines  should  be  tied  up  to  or  located  with  reference  to  per- 
manent marks,  and  a  map  of  the  system  made.  Such  a  map  may 
prove  valuable  in  planning  future  extensions  and  in  other  ways,  when 
otherwise  the  exact  location  would  be  forgotten. 

YIELD   CONSTBUCTION. 

The  tools  most  used  for  digging  trenches  are  trenching  spades, 
shovels,  and  tile  scoops.  Tile  trenching  machines  are  being  intro- 
duced, but  the  chief  dependence  for  this  work  will  be  hand  labor. 
The  digging  for  farm  drains  should  always  begin  at  the  outlet,  finish- 
ing the  work  as  it  proceeds,  except  completing  the  back  filling.  For 
trenches  not  deeper  than  5  feet  and  for  sizes  of  tile  up  to  12-inch,  the 
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top  width  need  not  be  more  than  18  inches.  To  insnre  proper  align- 
ment one  side  should  be  lined  for  the  first  spading.  The  last  16 
inches  should  be  ronoyed  in  the  last  spading  uid  the  bottcHn  graded 
at  the  same  time.  The  work  is  much  more  easily  done  this  way  than 
if  the  digger  were  lower  in  the  trench,  and  the  bottom  will  ranain 
firmer  if  not  mushed  up  by  ccxistant  tramping.  Very  few  trendies 
can  be  finished  in  the  irrigated  districts  without  the  trouble  caused  by 
the  banks  caving  in,  so  that  it  is  necessary  to  keep  the  tile  laid  and  the 
trenches  partly  back  filled  up  to  within  a  few  feet  of  the  finished 
trench,  and  for  that  reason  two  or  three  diggers  with  one  tile  layer 
make  the  best  team.  With  proper  care  the  grade  should  (Hily  vary 
within  one-fourth  inch  of  true  grade. 

Laying  tile  is  an  important  part  of  the  proper  construction  of 
drains,  even  when  the  trench  is  made  straight  and  on  a  uniform  grade. 
The  first  item  of  importance  is  providing  a  firm  foundation  on  whidl 
to  lay  the  tile.  In  irrigated  lands  there  are  often  soft  spots  whidi 
need  some  special  treatment.  The  best  method  in  sudi  cases  is  to  lay 
long  boards  in  the  trench  upon  which  to  lay  the  tile.  If  some  such 
precaution  is  not  taken  one  or  more  tile  may  settle  or  be  pressed  oat 
of  alignment  and  form  a  complete  obstruction.  When  laying  tile 
through  an  orchard  with  the  intention  of  operating  a  brush  or  root 
cutter,  boards  with  cleats  on  each  side  to  hold  the  tile  in  true  align- 
ment are  sometimes  used.  Tiles  are  not  always  cut  off  squarely,  and 
when  laid  they  should  be  turned  until  the  tops  set  closely  together, 
leaving  the  bottoms  open  for  water.  The  ground  should  be  firm 
enough  to  hold  a  man  on  a  blinded  tile,  and  the  tile  layer  should  work 
from  the  tile,  if  need  be.  Tile  should  always  be  carefully  covered  or 
blinded,  as  it  is  called,  as  soon  as  it  is  laid ;  and,  for  safety,  the  trendi 
should  be  back  filled  enough  to  prevent  the  banks  from  caving  in. 
Sand-trap  boxes,  as  described  in  the  experiment  at  Garland,  Box- 
elder  County,  should  always  be  put  in  at  intervals  of  300  to  500  feet, 
when  fine  sand  or  silt  troubles  occur,  and  also  in  orchards.  These 
may  be  used  as  inlets  for  water  when  flushing  tile  or  boxes. 

After  the  tiles  have  been  blinded  and  the  trendi  partly  filled  by 
hand,  the  balance  of  the  filling  may  be  done  with  horses  and  plow. 
Three  horses  and  a  long  evener  are  used  for  the  first  plowing.  This 
plowing  should  be  from  the  edges  of  the  tarench,  after  which  a  team 
may  be  used,  one  horse  walking  in  the  trench.  It  is  not  necessary 
to  fill  loosely  so  that  the  water  may  get  into  the  tiles.  Tramping 
and  tamping  are  necessary  to  prevent  surface  water  from  Altering 
and  doing  much  damage.  For  the  same  reason,  all  brush  and  weeds 
should  be  removed,  and  not  used  for  filling.  The  plowing  should  be 
continued  until  a  heavy  back  furrow  is  worked  up  over  the  Una 
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Attention  to  drainage  should  not  cease  when  the  system  is  installed. 
Upon  the  subsequent  care  and  treatment  of  the  drains  and  drained 
I  fields  will  depend  the  final  efficiency.  One  of  the  greatest  sources  of 
trouble,  in  covered  drains  especially,  has  been  the  damage  resulting 
from  surface  water  running  into  the  trench.  In  some  soils  it  has 
been  necessary  to  place  boxes  or  flumes  for  carrying  irrigation  water 
over  trench  lines  to  keep  the  water  from  finding  its  way  down  through 
the  loose  soil  to  the  drain  with  resultant  obstructions.  These  troubles 
occur  in  sandy  and  silt  loams  but  not  in  clay  loams.  Tree  and  brush 
roots  cause  much  trouble  by  growing  into  covered  drains  in  search  of 
water,  and  then  developing  enough  water  roots  to  seriously  interfere 
with  the  flow  of  water.  Alfalfa  roots  will  also  cause  obstructions  in 
tile  after  several  years,  and  the  report  of  the  Hyde  Park  experiment 
(Cache  County)  contains  an  accoimt  of  serious  troubles  caused  by 
beet  roots.  To  prevent  excessive  evaporation  the  proper  cultivation 
of  the  surface  is  necessary.  As  explained  before,  a  hard,  smooth  sur- 
fa<^  increases  the  evaporation  of  soil  moisture.  Where  possible  such 
soils  should  be  cultivated  after  each  irrigation  so  as  to  form  a  mulch 
on  the  surface.  Shade  crops,  such  as  alfalfa,  are  also  useful  in  pre- 
venting evaporation.  Cropping  and  copious  irrigation  are  absolutely 
necessary  for  reclaiming  alkalied  lands  after  imderdrainage  is 
supplied. 

SXTIOEABT. 

0 

(1)  The  extent  and  value  of  lands  in  the  arid  West  needing  drain- 
age make  this  a  question  of  great  importance.  Most  of  these  lands 
once  produced  abundant  crops,  but  now  they  lie  idle  or  produce 
only  a  small  portion  of  what  they  should.  Nearly  every  agricultural 
district  in  Utah,  Washington,  Montana,  Wyoming,  Colorado,  and 
California  has  large  areas  in  this  condition. 

(2)  The  value  of  understanding  the  fundamental  principles  of 
drainage,  in  preventing  the  increase  of  such  conditions  and  reclaim- 
ing those  lands  now  affected,  can  hardly  be  overestimated.  Millions 
of  dollars  would  have  been  saved  in  the  West  if  the  injurious  results 
of  seepage  water  and  alkali  and  the  methods  of  preventing  them  had 
been  known  and  appreciated.  Some  knowledge  of  the  nature  and 
source  of  alkali,  together  with  its  relation  to  crop  production,  is 
essential.  The  reports  of  experiments  in  Utah,  Washington,  Cali- 
fornia, and  Colorado,  contained  in  this  bulletin,  afford  proof  that 
such  injuries  could  have  been  prevented  at  a  reasonable  cost. 

(3)  Success  is  dependent  upon  correct  plans  and  proper  construc- 
tion of  drains.  Careful  and  systematic  surveys  and  subsoil  exami- 
nations should  never  be  omitted.    The  form  of  drain  or  section  of 
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ditdi  dumld  be  dKwen  with  refoieooe  to  its  cfieiency  in  the  pmiticiilir 
soil  formatioii  and  water  oonditicms. 

(4)  The  subsequent  care  and  treatm^it  of  drains  and  buids  will 
also  determine  the  ultimate,  success.  In  humid  countries  drainage 
systems,  <mce  well  laid,  take  care  of  themsel^^es  and  usually  opiate  ^ 
successfully  for  many  years.  Drainage  systems  in  arid  countries, 
where  irrigation  is  practiced,  require  watching  and  treatment  after 
they  are  laid.  The  care  is  necessary  in  relation  to  sur&ce  waters, 
and  the  treatment  of  lands  necessary  when  they  are  affected  witii 
alkali. 

(5)  The  cost  of  draining  the  lands  described  in  these  investigations 
is  the  basis  for  the  statement  that  such  lands  can  be  profitably 
drained.  The  Hyde  Park  lands,  formerly  only  fit  for  pasturage, 
were  drained  at  a  cost  of  $15.60  per  acre.  During  the  two  following 
years  different  portions  were  planted  to  oats,  wheat,  uid  sugar  be^& 
The  yields  were  100  bushels  of  oats,  50  bushels  of  wheat,  and  18  tons 
of  sugar  beets  per  acre.  The  Garland  wet  land  was  drained  at  a 
cost  of  $16.87  per  acre,  whidi  raised  the  land  value  from  less  than 
$100  to  $150  per  acre. 

The  Oetz  farm  at  Point  Lookout,  which  was  badly  alkalied  and 
produced  practically  nothing,  was  drained,  producing  35  bushels  of 
oats  per  acre  the  following  season.  The  Hobson  farm  at  Boy,  Utah, 
was  drained  at  a  cost  of  $18.67  per  acre,  which  enhanced  its  value 
$25  per  acre.  The  Richfield  tract  is  well  drained  at  a  cost  of  $14.02 
per  acre,  and  the  land,  formerly  worth  $25  per  acre,  promises  to  reach 
the  $100  mark.  Lands  in  Weber  and  Davis  counties,  valued  at  $150 
to  $300  per  acre,  have  been  preserved  by  draining  at  about  the  same 
cost  as  those  above  mentioned.  The  Huntington  and  St.  George 
tracts  are  not  yet  reclaimed,  but  it  is  expected  that  the  cost  of  re- 
claiming such  lands,  according  to  methods  now  in  use,  will  faU  within 
or  close  to  the  highest  costs  given  here. 


[A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  distribation  will  be 
sent  free  upon  application  to  a  Member  of  Congreee  or  the  Secretary  of  Agricaltnre.] 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agbioultube, 

BuBEAU  OF  Plant  Industry, 

Office  of  the  CHnsF^ 
Washington,  D.  C,  June  SO,  1909. 

Snt:  I  have  the  honor  to  transmit  and  to  recommend  for  public* 
tion  as  a  Farmers'  Bulletin,  to  supersede  Bulletin  58  of  the  samo 
series,  the  accompanying  manuscript  on  ''Soy  Beans,"  prepared  bj 
Prof.  Charles  V.  Piper,  Agrostologist  in  Charge,  and  Mr.  H.  T.  Niel- 
sen, Scientific  Assistant,  Forage  Crop  Investigations. 

The  soy  bean  has  become  a  crop  of  special  importance  in  several 
Southern  States,  and  interest  in  it  has  greatly  grown  during  the  past 
few  years.  At  the  present  time  there  is  great  interest  in  the  crop 
owing  to  the  possibility  that  it  may  be  grown  on  an  extensive  scale 
in  regions  where  the  boll  weevil  has  rendered  the  returns  from  cot- 
ton culture  ulicertain.  The  recent  enormous  exportations  of  soy 
beans  and  soy-bean  meal  from  Manchuria  to  Europe  would  seem  to 
indicate  that  there  is  practically  an  imlimited  market  for  this  prod- 
uct. It  is  now  believed  that  by  the  selection  of  proper  varieties,  of 
which  the  number  is  very  large,  the  soy  bean  can  be  profitably  grown 
in  practically  all  parts  of  the  cotton  belt  as  a  grain  crop. 

It  is  especially  desirable  to  publish  this  bulletin  at  the  present  time 

in  order  that  the  possibilities  of  the  crop  may  be  generally  understood. 

Respectfully, 

B.  T.  Galloway, 

Ghief  of  Burea/n^ 
Hon.  Jahes  Wilson, 

Secretary  of  Agriculture. 

372 

2 


CONTENTS. 


Pife. 

Introduction , 6 

Climatic  and  soil  requirements  of  soy  beans 6 

Varieties  of  soy  beans 7 

Mammoth  (yellow) 7 

Hollybrook  (yellow) 9 

Ito  San  (yellow) 9 

Guelph  (green) 10 

Buckshot  (black) 10 

Ogemaw  (brown) 10 

Wisconsin  Black 10 

Wilson  (black) 10 

Meyer  (mottled  black  and  brown) 11 

JLustin  (greenish  yellow) 11 

Haberlandt  (yellow) 11 

Riceland  (black) 11 

The  culture  and  planting  of  soy  beans 11 

'Aie  inoculation  of  soy  beans 12 

Soy  beans  for  hay 14 

Curing  the  hay 15 

Soy  beans  for  pasturage 15 

Soy  beans  in  mixtures 16 

Soy  beans  and  cowpeas 16 

Soy  beans  and  Borgo 17 

Soy  beans  and  millet 17 

Soy  beanfl  and  com 17 

Soy  beans  for  ensilage 18 

Soy  beans  for  grain 18 

Soy  beans  in  rotations 20 

Feeding  value  of  soy  beans 20 

Feeding  value  for  sheep 20 

Feeding  value  for  dairy  cows 21 

Feeding  value  for  hogs 22 

StCHring  soy-bean  seed 22 

Comparison  of  soy-bean  grain  and  cotton-seed  meal 23 

Comparison  of  soy  beans  and  cowpeas 24 

Summary 25 

372  3 
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liability  of  spreading  weeds  and  dangerous  plant  diseases.  Success- 
ful inoculation  by  this  method  is,  however,  practically  certain. 

The  method  of  inoculation  by  means  of  the  pure  cultures  prepared 
by  the  United  States  Department  of  Agriculture  is  fully  described  in 
Farmers'  Bulletin  315.  Fresh  liquid  cultures  are  sent  out  in  sealed 
bottles,  and  for  small  quantities  of  seed  the  culture  may  be  diluted  and 
used  directly  upon  the  seed.  Directions  and  material  for  increasing 
the  culture  are  supplied  if  a  larger  quantity  is  desired.  The  advan- 
tages of  the  artificial  cultures  b'e  in  the  greater  ease  of  transportation 
and  application,  as  Well  as  in  the  absence  of  the  danger  of  introducing 
plant  diseases  or  harmful  weeds.  This  method  is  frequently  unsuc- 
cessful with  soy  beans,  due  possibly  to  the  oily  nature  of  the  seeds. 

When  growing  soy  beans  or  any  of  the  legumes  for  the  first  time 
it  is  an  excellent  plan  to  plant  a  small  experimental  plat,  inoculating 
thoroughly  by  the  pure-culture  method.  If  this  plat  is  successful,  an 
abundance  of  soil  will  be  available  for  inoculating  lai^e  fields  without 
danger  of  introducing  weeds  or  diseases. 

SOT  BEANS  FOB  HAT. 

Soy-bean  hay  when  cut  at  the  proper  stage  of  growth  and  carefully 
cured  is  excellent,  and  for  dairy  cattle  at  least  yields  results  equal  to 
alfalfa  hay.  For  hay  production  soy  beans  may  be  planted  in  culti- 
vated rows,  or  when  the  ground  is  free  from  weeds  they  may  be  drilled 
or  broadcasted.  The  late  or  medium-late  varieties  are  as  a  general 
thing  best  adapted  for  hay  production.  These  varieties  grow  to  a 
greater  height  and  have  finer  stems  and  branches  and  more  leaves 
than  do  the  earlier  sorts.  Of  the  varieties  now  handled  by  seedsmen 
the  best  for  hay  production  are  the  Mammoth  and  the  Ito  San.  The 
Mammoth  variety  makes  a  very  large  growth  of  plant,  usually  pro- 
duces a  large  quantity  of  seed,  and  is  well  adapted  for  growing  in  the 
entire  South.  The  Ito  San  is  smaller,  with  finer  stems,  and  also  yields 
satisfactory  crops  of  grain.  It  is  at  least  a  month  earlier  than  the 
Mammoth. 

Soy  beans  are  not  as  a  rule  to  be  recommended  as  a  hay  crop  north 
of  the  Ohio  River,  except  in  southern  Illinois.  The  reasons  for  this 
are  the  shorter  growing  season,  which  tends  to  encourage  the  produc- 
tion of  seed  at  the  expense  of  plant  growth,  and  the  general  culture 
of  red  clover,  with  which  soy  beans  can  scarcely  compete  in  the  pro- 
duction of  hay.  To  get  the  best, hay  from  soy  beans  they  should  be 
cut  when  half  or  more  of  the  pods  are  fully  grown,  but  before  they 
begin  to  change  color  in  ripening.  Another  rule,  which  is  probably 
the  better  one  to  follow,  is  to  cut  when  the  top  leaves  begin  to  turn 
yellow.  This  is  the  best  guide  in  most  cases,  but  does  not  always 
apply,  as  some  varieties,  notably  the  Guelph,  shed  their  leaves  with- 
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out  change  of  color.  At  this  stage  of  growth  the  largest  yield  and  at 
the  same  time  a  good  quality  of  hay  will  be  secured.  If  the  cutting 
is  done  earUer  than  this,  the  percentage  of  protein  will  be  higher  and 
there  will  be  practically  no  waste  in  feeding;  but  the  total  yield  will 
not  be  so  large  and  the  difficulty  of  curing  much  greater.  If  the  cut- 
ting is  much  later  than  this,  the  total  food  constituents  will  be  greater, 
but  there  will  also  be  considerable  waste  of  material  in  feeding  due  to 
the  stems  becoming  hard  and  woody. 

CUBING  THB  HAY. 

The  planting  should  be  timed,  so  that  the  crop  can  be  cut  for  hay 
in  September,  as  this  month  is  usually  the  most  satisfactory  for  hay- 
making. The  cutting  may  begin  as  soon  as  the  dew  is  off  the  plants 
and  continue  for  the  rest  of  the  day.  The  plants  should  be  allowed 
to  lie  in  the  swath  until  the  leaves  are  well  wilted,  but  great  care 
should  be  exercised  to  rake  them  before  the  leaves  become  dry  and 
brittle.  After  raking  into  windrows  they  should  be  left  for  a  day  or 
two,  depending  on  the  weather,  and  then  put  in  small  cocks  or 
bunches.  Three  to  five  or  six  days  of  good  weather  is  ample  time  for 
making  good  soy-bean  hay.  Great  care  should  be  used  to  prevent 
the  loss  of  leaves,  since  these  are  the  most  valuable  part  of  the  plant 
except  the  pods. 

When  the  hay  is  dry,  it  should  be  put  in  good-sized  stacks  or  under 
a  shed.  If  it  is  stacked  in  the  open  field  it  is  very  essential  that  some 
other  material,  either  grass  or  a  canvas  cover,  be  put  over  the  stack, 
as  soy-bean  hay  does  not  shed  rain  well.  Yields  of  from  1  to  3  and 
occasionally  4  tons  of  cured  hay  to  the  acre  are  secured.  The  aver- 
age yield  is  about  2  tons  per  acre. 

during  frames  can  often  be  used  to  good  advantage  in  making  soy- 
bean hay,  especially  in  unfavorable  weather.  The  object  of  these 
frames  is  to  keep  the  cocks  open,  so  as  to  prevent  matting  and  to 
allow  the  circulation  of  air.  They  are  usually  three  or  four  sided 
pyramids  made  of  boards  or  poles  3  to  6  feet  long,  fastened  together 
at  the  top  and  held  by  crosspieces  near  the  base.  By  this  device  a 
hollow  cock  or  shock  is  secured,  and  consequent  better  curing. 

In  stacking  the  hay,  poles  or  logs  placed  in  the  center  of  stack,  so 
as  to  leave  passages  for  air,  will  greatly  lessen  the  danger  of  spoiling. 

SOT  BEANS  FOB  PASTUBAGE. 

The  soy-bean  crop  can  often  be  profitably  utilized  by  pasturing, 
particularly  to  hogs,  especially  when  fed  com  in  addition.  This  is 
advisable  when  harvesting  is  interfered  with  by  lack  of  labor,  bad 
weather,  or  other  causes  and  when  the  crop  is  grown  especially  for 
soil  improvement.     By  this  means  not  only  is  the  crop  profitable  in 
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ISTKODTICTIOV. 

The  soy  bean,  also  called  the  "aoja  bean"  (fig.  1),  is  a  native  of 
southeastern  A^ia  and  has  been  extensively  cultivated  in  Japan, 
China,  and  India  since 
ancient  times.  Up- 
ward of  two  hundred 
varieties  are  grown  in 
these  countries,  prac- 
tically every  district 
of  which  has  its  own 
distinct  varieties. 
The  beans  are  there 
grown  almost  entire- 
ly for  human  food,  be- 
ing prepared  for  con- 
sumption in  many 
different  ways.  Their 
flavor,  however,  does 
not  commend  them  to 
Caucasi&n  appetites 
and  thus  far  they 
have  found  but  small 
favor  as  human  food 
in  either  Europe  or 
America. 

^  a  forage  crop, 
however,  soy  beans 
have  become  of  in- 
creasing importance 
in  parts  of  the  United 
States,  especially 
southward.  They 
have  been  tested  at 
most  of  the  State 
agricultural  experi- 
ment stations,  and  it 
is  clear  that  their  re- 
gion of  maximum 
importance    will    be 

iL         t      J.L  J  ^°-  l-Typl™!  »or-b<m  plant. 

south    of     the    red- 
clover  area  and  in  sections  where  alfalfa  can  not  be  grown  success- 
fully.    They  thus  compete  principally  with  cowpeas,  but  as  cultivoi- 
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SOT  BEAVS  FOK  EHSILAOE. 

The  growing  of  soy  beans  for  ensilage  has  not  been  practiced  very 
extensively.  In  a  number  of  instances  ensilage  has  been  made  of 
the  crop,  usually  in  combination  with  com,  and  it  is  invariably 
reported  as  making  an  excellent  succulent  feed.  Only  the  larger 
late-growmg  varieties  are  desirable  for  this  purpose.  Some  have 
tried  growing  soy  beans  in  the  corn  rows  or  between  the  com  rows, 
planting  them  the  same  as  cowpeas  are  planted  in  the  cornfields  of 
the  South,  while  others  prefer  growing  com  and  soy  beans  m  separate 
fields  and  when  the  ensilage  is  put  up  to  mix  them  in  the  cutting. 
Where  the  soil  and  climate  will  permit,  it  would  seem  to  be  more 
satisfactory  to  grow  the  soy  beans  in  the  cornfield.  It  is  doubtful 
whether  it  will  be  economical  to  make  ensilage  of  soy  beans  when  hay 
can  be  made  with  comparative  ease.  Com  deteriorates  so  much  more 
rapidly  in  the  shock  than  do  most  of  the  crops  which  can  be  made 
into  hay  that  if  ensilage  is  to  be  made  on  the  farm  the  more  econom- 
ical practice  will  likely  be  to  use  the  com  crop  for  this  purpose  and 
save  the  other  crof  s  for  hay. 

SOT  BEANS  FOB  GBAIH. 

Growing  soy  beans  for  the  gram  for  use  as  feed  is  distinctly  profit- 
able if  the  yield  is  16  bushels  or  more  per  acre.  The  feeding  value 
of  the  grain  is  very  high,  being  slightly  superior  to  cotton-seed  meal. 
The  grain  is  rich  in  protein,  while  nearly  all  the  other  grains  pro- 
duced on  the  farm  are  poor  in  protein,  but  rich  in  carbohydrates. 

For  grain  production  tall  varieties  that  do  not  branch  or  bear  pKxis 
close  to  the  ground  are  desirable,  as  they  are  more  easily  harvested. 
Of  the  varieties  now  on  the  market  the  Mammoth  and  Hollybrook 
are  undoubtedly  much  the  best  for  the  South,  while  the  Ito  San  and 
the  Guelph,  which  is  also  known  to  the  trade  as  Medium  Green,  are 
best  for  more  northerly  latitudes.  A  very  serious  objection  to  the 
Guelph,  however,  is  its  great  tendency  to  shatter  seeds  at  ripening 
time. 

When  grown  for  grain  alone,  the  cutting  may  be  delayed  in  the 
case  of  most  of  the  varieties  until  all  of  the  leaves  have  fallen.  The 
Guelph  and  a  few  other  varieties  not  on  the  market  retain  the  leaves 
late  and  much  seed  would  be  lost  by  shattering  if  the  harvesting 
were  not  done  earlier.  The  plants  should  be  allowed  to  become  thor- 
oughly dry  after  cutting  before  they  are  stacked  or  put  into  a  bam 
or  shed.  Care  should  be  taken,  however,  not  to  let  them  get  too 
dry  before  they  are  piled  into  bunches,  as  there  is  likely  to  be  con- 
siderable shattering  of  seed  in  such  cases,  especially  if  rained  upon. 
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varieties  axe  apt  to  make  a  large  plant  growth  and  a  comparatively 
small  yield  of  seed,  and  on  the  poorer  soils  a  small  plant  growth 
with  a  relatively  large  seed  yield. 

Soy  beans  do  not  require  a  well-drained  soil  for  their  best  develop- 
ment, although  they  will  not  grow  in  a  soil  where  water  stands  for 
any  considerable  length  of  time.  However,  they  are  able  to  with- 
stand a  greater  amount  of  moisture  than  either  com  or  cowpeas. 
In  eastern  North  Carolina  on  the  vegetable  mold  soils  they  make 
excellent  crops.  On  this  account  soy  beans  are  especially  valuable 
for  growing  in  that  region,  since  the  heavy  rainfall  is  the  main  draw- 
back. 

•  Soy  beans  are  also  decidedly  drought  resistant,  much  more  so 
than  cowpeas,  and  but  for  the  depredations  of  rabbits  would  be  a 
valuable  crop  in  the  semiarid  West.  Rabbits  are  exceedingly  fond 
of  the  foliage,  and  where  they  are  numerous  it  is  nearly  useless  to 
plant  soy  beans  unless  the  field  can  be  inclosed  with  rabbit-proof 
fencing. 

VAEIETIES  OF  SOT  BEAHS. 

At  the  present  time  seven  varieties  of  soy  beans,  Mammoth,  Holly- 
brook,  Guelph,  Ito  San,  Buckshot,  Ogemaw,  and  Wisconsin  Black, 
are  handled  by  American  seedsmen.  (See  fig.  3.)  During  the  past 
three  years  more  than  two  hundred  additional  varieties  have  been 
introduced  from  China,  Japan,  and  India,  most  of  which  have  already 
been  sufficiently  tested  to  give  some  idea  of  their  value.  Many  of 
the  new  varieties  are  so  superior  in  various  respects  that  they  are 
certain  to  replace  all  of  the  above-named  varieties  except  the  Mam- 
moth and,  perhaps,  the  Ito  San. 

The  matter  of  variety  is  of  special  importance  in  soy  beans,  as 
many  growers  have  been  sorely  disappointed  in  getting  a  small  early 
variety  when  they  desired  a  larger  and  later  sort.  As  this  difficulty 
occurs  when  there  are  at  most  seven  varieties  handled  by  seedsmen, 
it  can  readily  be  seen  that  there  is  the  possibility  of  greater  confusion 
with  the  introduction  of  more  varieties.  On  this  account  it  is  very 
desirable  to  keep  down  to  the  minimum  the  number  of  varieties 
introduced  into  the  seed  trade,  and  these  the  very  best  sorts.  Seeds- 
men are  urged  to  use  the  varietal  names  here  adopted,  and  buyers 
should  be  very  careful  to  specify  the  variety  wanted. 

MAMMOTH  (YELLOW). 

The  Mammoth  variety  (see  figs.  2,  3,  4,  and  5)  is  the  largest  grow- 
ing and  latest  of  the  soy  beans  at  present  handled  by  seedsmen. 
Under  average  conditions  it  will  grow  from  3  to  5  feet  high,  depend- 
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ing  principally  on  the  character  of  the  soil.  (See  fig.  4.)  OrdinArilj 
it  requires  from  120  to  150  days  to  mature  a  crop  of  seed.  The 
Mammoth  yields  well  in  both  grain  and  roughage  and  is  satisfactoiy 


Fio.  3.— Seeds  and  pals  of  Hven  Tu-letla  of  907  beam.    Natunl  ilie. 

for  both.  It  is  a  most  exacting  variety  about  depth  of  planting, 
and  under  no  circumstances  should  the  seed  be  planted  more  than 
2  inches  deep.    The  habit  of  growth  is  such  that  it  can  readily  be 
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harvested  with  machinery  and  it  is  frequently  gathered  with  a 
grain  binder.  It  is  well  adapted  to  nearly  all  of  the  country  south 
of  the  northern  boundary  of  Tennessee  and  can  be  grown  quite 
successfully  some  distance  north  of  this,  though  not  as  far  north 
as  Washington,  D,  C, 

HOIXTBBOOK  (TBLLOW). 

The  HoUybrook  variety  is  about  two  weeks  earlier  than  the  Mam- 
moth and  seldom  grows  to  a  greater  height  than  about  3  feet.  It  is 
very  coarse  and  woody  and  therefore  not  desirable  for  hay,  but  it 
yields  large  crops  of  grain.  The  seed  is  very  nearly  identical  with  that 
(Jf  the  Mammoth.  The  lower  branches  and  pods  are  apt  to  be  very 
near  the  ground,  and  there  is  consequently  some  difficulty  in  harvest- 
ing this  variety.  It  can  he  grown  farther  north  than  the  Mammoth, 
but  is  not  nearly  so  valuable  a  variety. 


Fta.  4.—Ji  Bald  aC  the  Uammoth  variety  at  soy  b«a  lu  North  CuolEna. 

rrO  SAN  (YBIXOW). 

The  Ito  San  soy  bean  has  Ix-en  very  commonly  grown,  appearing 
under  the  names  "Yellow,"  "Early  Yellow,"  "Medium  Yellow,"  and 
"Early  White,"  as  well  as  "Ito  San."  The  plants  are  of  medium  size, 
averaging  about  30  inches  in  height,  with  numerous  ascending  slender 
branches,  so  that  this  variety  can  be  mown  very  satisfactorily.  It  has 
fine  stems  and  makes  excellent  hay,  though  the  yield  is  only  moderate. 
It  produces  seed  fairly  well  and  matures  in  from  95  to  100  days.  It  is 
a  very  satisfactory  variety  to  grow  in  a  .short  season  or  after  a  small- 
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grain  crop.  The  seed,  which  is  about  the  same  size  as  that  of  ih^ 
Mammoth,  can  always  be  identified  by  a  little  brown  speck  at  one  end 
of  the  hilum,  or  seed  scar.  This  variety  will  mature  as  far  north  as 
southern  Wisconsin  and  southern  Michigan. 

GX7ELPH  (GBEEN). 

The  Guelph  soy  bean  has  been  advertised  more  than  any  other 
variety,  appearing  with  such  names  as  "Medium  Green,"  "Medium 
Early  Green,''  and  ''Large  Medium  Green."  It  grpws  about  as  large 
as  the  HoUybrook  variety  and  matures  about  10  days  later  than  the 
Ito  San.  The  leaves  drop  without  changing  color  when  the  plant 
ripens.  The  plant  is  very  coarse  and  not  satisfactory  for  hay. 
While  the  seed  yield  is  heavy  the  pods  shatter  very  much.  On  these 
accounts  the  Guelph  is  not  a  desirable  variety. 

BUCKSHOT  (BLACK). 

The  Buckshot  is  a  very  early  variety,  which  has  been  handled  by 
northern  seedsmen.  It  is  also  called  "Early  Black,"  ''Extra  Early 
Black,"  "Medium  Early  Black,"  and  "Large  Black."  It  seldom 
grows  more  than  24  inches  high  and  is  at  least  a  week  earlier  than  the 
Ito  San  variety.  The  seed  is  considerably  larger  than  ordinary  buck- 
shot, but  has  the  same  shape.  The  plants  are  entirely  too  small  and 
coarse  and  produce  pods  too  near  the  ground  to  be  of  much  value. 
If  the  Buckshot  variety  is  planted  at  all  it  should  be  only  in  the 
northern  tier  of^tates. 

OGEMAW  (BBOWN). 

The  Ogemaw  is  even  earlier  than  the  Buckshot  variety,  and  is  also 
a  smaller  grower  and  less  satisfactory.  The  seed,  which  is  about  the 
same  size  as  that  of  the  Buckshot  variety,  can  sometimes  be  purchased 
from  northern  seedsmen. 

WISCONSIN  BLACK. 

The  Wisconsin  Black  is  an  early  black-seeded  variety  that  is  grown 
to  some  extent  in  Wisconsin  and  Michigan.  Its  earliness  is  its  prin- 
cipal merit. 

The  following  new  varieties  are  the  best  out  of  more  than  one  hun- 
dred sorts  tested.  They  are  not  yet  in  the  market,  but  most  of  them 
will  be  available  in  1910. 

WILSON  (BLACK). 

The  Wilson  is  a  tall  variety,  growing  3  to  4  feet  high,  with  few  erect 
branches,  maturing  about  one  week  later  than  the  Ito  San.  Owing  to 
its  tall  habit  and  lack  of  basal  branches  it  can  be  harvested  easily. 
It  is  a  heavy  grain  37ielder  and  also  excellent  for  hay.    This  variety 
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should  be  very  valuable  in  such  States  as  Illinois,  Indiana,  and  Ohio, 
replacing  the  Guelph  variety  especially. 

HEYEK  (MOTTLED  BLACK  AND  BBOWN). 

The  Meyer  variety  is  excellent  for  hay,  as  it  is  tall  and  has  fine 
stems  and  branches.  During  the  past  three  years  it  has  given  larger 
yields  of  seed  than  any  other  variety  under  trial  at  the  Arlington 
Experimental  Farm  in  Virginia.  Its  tall  habit  makes  it  easy  to  mow, 
but  imf ortunately  it  is  somewhat  inclined  to  lodge.  It  matures  in  1 10 
days.     The  seeds  are  large  and  break  rather  easily  in  thrashing. 

AUSTIN  (GKEENISH  YELLOW). 

The  Austin  is  a  vigorous  though  not  coarse  medium-late  variety, 
growing  3  to  4  feet  high,  with  numerous  branches  but  none  close  to 
the  ground.  It  can  be  easily  harvested  with  machinery  and  is  an 
excellent  seed  producer. 

HABEKLANDT  (YELLOW). 

The  Haberlandt  variety  requires  about  one  week's  more  time  in 
which  to  mature  than  does  the  Ito  San.  The  seed  is  considerably 
larger  than  that  of  any  of  the  other  yellow-seeded  varieties  and  has  a 
distinctly  brown  hilum,  or  seed  scar.  It  is  a  very  heavy  yielder  of 
seed,  but  is  rather  stocky,  seldom  growing  to  a  greater  height  than  30 
inches.  It  can  be  harvested  fairly  well  with  a  mower  and  will  give 
better  results  than  the  Ito  San  variety  in  many  places.  Under  the 
conditions  in  Tennessee  it  has  proved  very  satisfactory  and  is  strongly 
recommended  there  when  an  earlier  variety  than  the  Mammoth  is 
desired. 

KICELAND  (BLACK). 

The  Riceland  is  a  soy  bean  which  requires  a  very  long  season  in 
which  to  make  its  full  development,  and  is  therefore  adaptedonly  to  the 
cotton  belt.  The  seed  is  rather  small,  long,  and  flat,  and  covered  with 
a  powdery  bloom  which  makes  it  look  dusty.  The  plants  grow  from 
4  to  6  feet  high,  but  have  fine  stems  and  consequently  are  of  a  very 
desirable  type  for  hay. 

THE  CULTURE  AVD  PLAVTIHG  OF  SOT  BEAKS. 

Good  preparation  of  the  soil  is  necessary  for  soy  beans;  otherwise 
weeds  are  Ukely  to  choke  out  the  young  plants.  This  preparation 
should  consist  of  deep  plowing  and  subsequent  working  with  disk 
and  harrow  imtil  a  firm  seed  bed,  with  the  upper  2  or  3  inches  loose 
and  mellow,  is  secured.  Under  nearly  all  conditions  the  crop  should 
be  grown  in  rows  and  given  sufficient  cultivation  to  keep  down 
weeds.    If  the  ground  is  exceptionally  free  from  weeds  soy  beans 
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may  be  sown  broadcast  or  drilled  with  the  idea  of  using  them  for 
hay.  The  yield  of  seed  is  nearly  always  greater  when  grown  in  cul- 
tivated rows. 

Soy  beans  if  in  rows  should  be  planted  so  as  to  have  a  plant  on  an 
average  of  every  2  or  3  inches  in  the  row  and  the  rows  from  30  to  36 
inches  apart.  Cultivation  can  be  more  easily  accomplished  if  the 
rows  are  36  inches  apart  than  where  the  distance  is  less,  though  the 
plants  have  room  for  development  in  28-inch  rows.  In  eastern 
North  Carolina  soy  beans  are  planted  in  rows  4  feet  apart  and  hilled 
as  high  as  possible  to  aid  in  drainage,  which  is  very  important  in  that 
region. 

It  is  especially  important  to  plant  seed  of  good  quality.  Soy- 
bean seed  unless  it  is  fresh  and  has  been  properly  stored  is  very  apt 
to  be  low  in  germination.  It  should  therefore  be  tested  for  viability 
before  planting  time.  The  planting  should  be  shaUow,  preferably 
1  inch  and  not  to  exceed  2  inches  in  depth.  Poor  stands  result 
more  frequently  from  too  deep  planting  than  from  any  other  cause. 
A  bushel  of  good  seed  is  sufficient  to  plant  from  2  to  3  acres  if  in 
cultivated  rows,  and  hardly  enough  for  1  acre  if  sown  broadcast. 

The  cultivation  of  soy  beans  is  a  simple  matter.  Unless  conditions 
are  very  unfavorable  the  seedling  plants  appear  above  ground  in  a 
week  and  tillage  may  then  begin.  Any  good  cultivator  may  be  used, 
and  flat  cultivation  is  preferable,  as  the  harvesting  can  be  more  easily 
done  than  if  the  rows  are  hilled  or  ridged. 

Soy  beans  may  be  planted  through  a  wide  period  from  early  spring 
till  midsummer.  Ordinarily  they  are  planted  about  June  1 .  In  the 
lowlands  of  Tennessee  and  North  Carolina  and  southward  two  crops 
of  the  early  and  medium  varieties  may  be  secured  in  a  season.  In 
general,  early  plantings  require  more  time  to  mature  than  late  plant- 
ings, the  difference  in  the  same  variety  often  amounting  to  as  much 
as  three  weeks. 

THE  IHOCULATIOH  OF  SOT  BEAKS. 

Like  other  legumes,  soy  beans  are  able  to  utiUze  the  nitrogen  of 
the  air  and  add  it  to  the  soil  by  means  of  root  nodules.  These  nodules 
(fig.  5)  are  caused  by  certain  bacteria;  unless  they  are  present  soy 
beans  in  the  usual  types  of  soil  will  make  but  a  weak  growth,  and 
many  of  the  plants  wiU  turn  yellow  and  die. 

Throughout  the  South  the  proper  bacteria  for  soy  beans  seem  to 
be  widely  distributed,  so  that  natural  inoculation  now  occurs  generally. 
In  isolated  localities  where  this  crop  has  not  been  grown,  however, 
some  difficulty  may  be  expected  from  lack  of  inoculation  during  the 
first  season  at  least.  Northward  and  westward  greater  difficulty 
in  this  regard  is  experienced. 
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Inoculation  of  a  new  field  may  be  secured  either  by  the  soil-trans- 
fer method  or  by  the  use  of  the  pure  cultures  prepared  by  the  Depart- 
ment of  Agriculture.  The  soil-transfer  method  consists  in  scattering 
soil  from  an  old,  well-inoculated  soy-bean  field  over  the  new  ground 
at  the  rate  of  200  to  300  pounds  per  acre.    To  facihtate  even  scatter- 


Plo.  s.— Roots  ol  a  plant  at  the  Munimth  variat^  of  toj  beta,  sbowiaE  characterietlc  noduka. 

ing  this  should  be  thoroughly  mixed  with  several  times  its  weight  of 
ordinary  soil.  The  soil  may  be  either  drilled  or  broadcasted.  In 
the  latter  case  it  should  be  done  toward  evening  or  on  a  cloudy  day,  as 
bright  sunshine  is  very  harmful  to  the  germs.  The  objections  to  the 
soil-transfer  method  are  the  labor  and  oost  involved  and  the  S' 
49X6— Bull.  372— 
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exceed  2  inches  in  depth,  and  preferably  in  rows  30  or,  better,  36 
inches  apart  to  permit  sufficient  cultivation  to  keep  down  weeds. 

(10)  For  harvesting  soy  beans  a  mower  with  or  without  a  eide- 
deliveiy  attachment,  a  self-rake  reaper,  or  a  self-binder  can  be  used. 
A  binder  can  be  used  only  with  the  tall  varieties.  The  thrashing 
can  be  done  with  a  grain  separator  by  using  blank  concaves  and 
running  the  cylinder  much  slower  than  for  small  grains  or  by  the 
use  of  machines  specially  designed  for  handling  soy  beans  and 
cowpeas. 

(11)  Soy  beans  and  cowpeas  can  be  grown  together  satisfactorily; 
the  hay  of  such  a  mixture  is  better  than  either  crop  alone  and  the 
yield  is  generally  greater.  In  planting  the  two  together  the  seed 
should  not  be  covered  too  deeply,  as  deep  planting  will  result  in  a 
poor  stand  of  soy  beans. 

(12)  As  a  crop  in  a  short  rotation  soy  beans  are  very  desirable. 
They  can  be  grown  so  as  to  use  an  entire  season  in  the  case  of  the 
late  varieties,  or  two  crops  in  one  season  can  be  secured  from  some 
of  the  earlier  ones.  They  can  also  be  used  very  advantageously  to 
follow  a  small-grain  crop  the  same  season. 

(13)  The  important  commercial  varieties  of  soy  beans  are  the 
Mammoth,  the  HoUybrook,  and  the  Ito  San.  Among  the  most 
valuable  new  varieties  are  the  Austin,  the  Wilson,  the  Riceland, 
the  Meyer,  and  the  Haberlandt,  most  of  which  will  be  in  the  hands 
of  seedsmen  in  1910. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Dbpabtment  op  Agriculture, 

Office  of  Experiment  Stations, 

Washington,  D.  C,  July  IB,  1909. 

Sm:  I  have  the  honor  to  transmit  herewith  material  for  a  bulletin 
on  the  irrigation  of  alfalfa,  prepared  by  Samuel  Fortier,  chief  of  irri- 
gation investigations  of  this  Office.  This  material  is  based  on  the 
best  irrigation  practice  of  the  arid  region,  and  is  intended  primarily 
for  the  use  of  settlers  under  the  large  canal  systems  now  under 
construction.  It  is  therefore  recommended  that  it  be  published  as 
a  Farmers'  Bulletin. 

Doctor  Fortier  wishes  to  acknowledge  the  receipt  of  notes  on  the 
irrigation  of  alfalfa  from  the  following  State  agents  and  special 
agents  temporarily  employed  by  them  for  this  and  other  purposes: 
Arizona,  C.  E.  Tait,  in  charge,  and  C.  O.  Gillespie,  special  agent; 
California,  F.  W.  Roeding,  in  charge,  and  R.  C.  Benson,  Paul  Baily, 
and  Lee  O.  Murphy,  special  agents;  Colorado  and  Wyoming,  O.  W. 
Bryant,  in  charge,  and  Fred  J.  Barnes,  C.  M.  Wood,  A.  B.  Collins, 
and  (George  C.  Kreutzer,  special  agents;  Idaho,  Elias  Nelson  and 
John  Krall,  special  agents;  Kansas,  Don  H.  Bark,  in  charge;  Mon- 
tana, H.  I.  Moore,  special  agent;  Nevada,  Gordon  H.  True,  in 
charge,  and  F.  L.  Peterson,  special  agent;  New  Mexico,  B.  P.  Flem- 
ing, in  charge;  Oregon,  A.  P.  Stover,  in  charge;  Utah,  W.  W. 
McLaughlin,  in  charge,  and  L.  M.  Winsor,  special  agent;  Wash- 
ington, S.  O.  Jayne,  in  charge. 

Respectfully,  A.  C.  True, 

Director. 
Hon.  James  Wilson, 

Secretary  of  AgridUture. 
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nrratoDUCTioH. 

Experience  in  the  growing  of  alfalfa  for  more  tin  ^  two  thousand 
years  shows  that  it  thrives  best  in  the  soil  and  climate  of  arid  and 
semiarid  regions.  The  abundant  sunshine^  the  warmth,  and  the 
deep,  rich  soil  prevailing  throughout  the  western  half  of  the  United 
States  seem  to  be  well  suited  to  its  requirements,  and  over  half  a 
century's  experience  has  shown  that  there  is  comparatively  little 
cultivable  land  in  the  West  on  which  it  can  not  be  grown.  One 
finds  the  same  varieties  flourishing  in  Imperial  VaUey,  California, 
100  feet  below  sea  level,  and  maintaining  a  sturdy  growth  on  the 
San  Luis  plains  of  Colorado,  7,500  feet  higher.  Alfalfa  makes  a 
remarkable  growth  in  the  warm  sunshine  of  Arizona,  yet  it  is  rarely 
injured  by  cold  in  Montana. 

One  can  not  well  overestimate  the  importance  of  alfalfa  to  western 
farmers.  The  alfalfa  field  and  the  alfalfa  stack  provide  the  best 
means  of  protecting  stock  against  enormous  losses  by  starvation  when 
the  excellent  pasturage  available  throughout  the  greater  part  of  the 
year  fails  either  through  drought  in  midsmnmer  or  by  being  covered 
with  deep  snow  in  midwinter.  A  single  ton  of  alfalfa  may  save  the  lives 
of  many  head  of  stock  by  providing  feed  during  short  periods  of  cold, 
stormy  weather.  Alfalfa  can  not  be  excelled  as  a  preparatory  crop 
on  soils  that  have  long  been  unproductive.  Likewise,  it  maintains 
the  fertility  of  soils  naturally  rich  in  plant  food,  and  if  xised  as  a  base 
of  rotation  makes  possible  abundant  crop  yields  of  various  kinds. 
Li  1906  the  chemist  of  the  Colorado  Experiment  Station  *  estimated 
the  fertilizing  value  of  the  stubble  and  roots  of  mature  plants  at  $35 
per  acre  when  measured  by  the  commerical  value  of  artificial  fer- 
tilizers on  the  market.  Moreover,  the  yields  are  exceptionally  high 
when  irrigation,  favorable  climatic  conditions,  and  proper  treatment 
are  combined.  Seven  tons  of  cured  hay  at  three  cuttings  are  obtained 
from  the  best  fields  of  Montana,  while  frequently  9  tons  in  five  cut- 
tings are  harvested  in  California.  This  lai^e  tonnage,  together  with 
its  high  feeding  value  and  the  fact  that  it  is  consiuned  by  practically 
all  farm  animals,  makes  it  not  only  a  convenient  and  useful  crop  to 
the  grower,  but  a  highly  profitable  one  as  well. 

a  Colorado  Sta.  Bui.  110. 
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Notwithstanding  its  present  importance  and  great  value  in  irri- 
gation farming,  the  profits  on  the  area  now  in  alfalfa  can  be  greatly 
increased  if  more  care  and  skill  are  exercised  in  growing  it.  The 
western  irrigator  has  seldom  been  able,  financially,  to  dig  his  ditches 
'  and  prepare  his  fields  in  such  a  way  as  to  insure  the  most  efficient 
irrigation  and  the  highest  profits.  In  consequence,  valuable  water 
is  wastefully  applied  to  land  that  is  in  no  fit  condition  to  be  irrigated. 
On  the  large  acreage  in  irrigated  alfalfa  this  amounts  to  an  enormoiis 
loss.  This  fact,  considered  in  connection  with  the  importance  of 
this  crop,  the  rapidly  increasing  area  devoted  to  its  growth,  and  the 
large  number  of  farmers  who  are  settling  in  the  West  and  who  will 
be  for  years  dependent  in  a  large  measure  on  alfalfa  for  a  livelihood, 
would  seem  to  warrant  the  collection  and  publication  of  any  infor- 
mation designed  to  improve  the  present  practice. 

As  its  title  implies,  this  publication  deals  with  but  one  feature, 
that  of  irrigation,  and  its  scope  is  necessarily  limited  to  irrigated 
lands.  There  has  been  no  attempt  to  present  or  discuss  at  any  length 
other  phases  of  the  general  subject  of  alfalfa  growing,^  and  wherever 
mention  has  been  made  of  these  it  has  been  only  to  show  their  rela- 
tionship to  irrigation. 

In  the  examination  of  alfalfa  fields  and  the  collection  of  the  data 
necessary  for  this  publication,  advantage  was  taken  of  the  organi- 
zation of  the  irrigation  investigations  of  this  Office,  which  is  well 
adapted  for  such  a  purpose.  Through  the  State  and  Territorial  agen- 
cies of  that  division  and  through  cooperation  with  the  members  of 
State  experiment  stations  and  the  State  engineers  it  was  possible  to 
obtain  with  a  high  degree  of  accuracy  the  conditions  and  irrigation 
practice  with  reference  to  this  crop  throughout  the  entire  arid  region. 

IBBIGABLE  LAHDS  ADAPTED  TO  ALFALFA. 

Perhaps  the  most  essential  conditions  for  the  production  of  alfalfa 
are  abundant  simshine,  a  high  summer  temperature,  sufficient  mois- 
ture, and  a  rich,  deep,  well-drained  soil.  All  of  these  essentials,  save 
moisture,  exist  naturally  in  the  arid  region  of  the  United  States,  and 
when  water  is  supplied  it  makes  the  conditions  ideal.  Although 
alfalfa  can  be  successfully  grown  imder  a  wide  range  of  soil  condi- 
tions, yet  all  western  lands  are  not  equally  well  adapted  to  its  growth. 
For  this  reason  those  who  are  seeking  such  lands  with  a  view  to  their 
purchase  should  first  make  a  careful  examination  of  the  character 
and  depth  of  the  soil,  its  behavior  when  irrigated,  the  slope  and  even- 
ness of  the  surface,  the  presence  of  injurious  salts,  and  the  facilities 
for  drainage. 

a  These  are  treated  in  U.  S.  Dept.  Agr.,  Farmers*  Bui.  339. 
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One  of  the  best  indications  of  the  character  of  the  soil  is  the  native 
vegetation.  When  sagebrush,  buffalo  grass,  or  cactus  is  found  on  a 
tract  it  is  reasonably  certain  that  the  soil  is  fertile,  easily  tilled, 
and  well  drained.  On  the  other  hand,  the  presence  of  greasewood. 
saltwort,  salt  weeds,  or  similar  plants  is  indicative  of  a  heavier  soil, 
less  easily  cultivated  and  Irrigated,  and  containiog  more  or  lei 
the  injurious  salts  usually  grouped  under  the  common  name  ol 
alkali. 

In  arid  regions  most  cultivated  plants  are  deep  rooted.  They 
draw  their  supply  of  plant  food  and  moisture  from  considerable 
depths,  and  the  deeper  the  soil  the  larger  is  the  feeding  ground  for 
the  roots  and  the  greater  is  the  capacity 
to  store  water.  The  presence  of  any  im- 
pervious stratum  lying  between  the  first 
and  fifth  foot  prevents  deep  rooting  and 
the  storage  of  moisture.  A  hard  stratum 
lying  between  the  fifth  and  tenth  foot  ia 
likewise  injurious,  but  to  a  less  extent. 
The  character  of  the  subsoil  may  be  read- 
ily determined  by  boring  holes,  with  a 
suitable  soil  auger  similar  to  that  shown 
in  figure  1,  to  a  depth  of  10  feet,  if  neces- 
sary, and  takii^  samples  of  soil  at  diffei^ 
ent  depths.  It  will  be  possible  usually  to 
find  under  irrigation  in  near-by  fields  soils 
similar  to  those  being  examined,  but  if 
this  is  not  possible  a  trial  may  be  made 
on  a  small  scale  to  determine  how  the  soil 
acts  under  irrigation.  In  general,  sandy 
loams  irrigate  well;  clay  is  hard  to  cultivate 
when  wet,  does  not  absorb  water  readily, 

and  bakes  and  cracks  when  drying;  while  a  soil  which  is  too  sandy 
will  not  retain  sufScient  moisture  to  maintain  crops. 

The  most  favorable  condition  for  irrigating  is  a  smooth  surface, 
with  a  uniform  slope  of  10  to  20  feet  to  the  mile.  Such  land  costs 
little  to  put.  into  shape  for  the  spreading  of  water  over  it,  and  the 
slope  insures  good  drainage.  Sometimes  the  land  is  cut  up  by  ravines 
which  increase  the  labor  and  cost  of  putting  water  upon  it,  or  it  may 
have  too  much  or  too  little  slope.  In  other  cases  it  is  full  of  buffalo 
or  h<^  wallows  which  are  difficult  to  bring  to  an  even  grade.  If 
land  which  is  naturally  smooth  on  the  surface  and  of  the  right  slope 
costs  15  per  acre  to  prepare  for  irrigating,  hog-wallow  land  may 
cost  $15.  Besides,  some  hog-wallow  land  is  inferior  in  quality, 
frequently  being  charged  with  injurious  salts. 

745B2*— Bull.  373—11 2 
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Lastly,  good  drainage  is  essential  for  a  permanently  productire 
irrigated  farm.  It  is  practically  impossible  to  supply  crops  mrith 
sufficient  water  for  the  best  growth  without  applying  so  much  thmt 
some  will  seep  into  the  subsoil.  Unless  this  can  flow  away  the 
level  of  the  ground  water  will  rise  imtil  it  comes  near  the  surface 
and  drowns  out  crops,  and  perhaps  cause  an  accumulation  of  alkali. 
If  the  natural  drainage  is  not  good  it  must  be  supplied  artificially, 
but  this  need  not  be  done  until  a  few  crops  have  been  raised,  for 
the  reason  that  it  is  not  possible  to  tell  until  after  irrigation  where 
the  drains  should  be  placed  to  drain  the  land  most  effectively. 

The  frequent  failures  to  get  a  good  stand  of  alfalfa  in  the  humid 
portions  of  the  United  States  have  led  some  writers  on  this  subject 
to  prescribe  within  somewhat  narrow  limits  where  and  under  what 
conditions  this  forage  plant  can  be  grown  successfuUy.  That  this 
view  is  not  correct  as  regards  the  irrigated  portion  of  the  United 
States  is  amply  shown  by  the  fact  that  it  is  grown  successfully  in 
every  State  and  Territory  of  the  arid  region,  in  localities  which  are 
not  only  widely  separated  but  possess  many  radical  differences  in 
the  way  of  rainfall,  temperature,  altitude,  topography,  and  soil. 

THE  BEMOVAL  OF  NATIVE  VEGETATION. 

• 

In  arid  America  few  places  are  so  barren  as  not  to  produce  plants 
of  some  kind,  and  the  first  step  in  preparing  land  for  irrigation  is 
the  removal  of  this  native  vegetation.  When  this  consists  of  native 
grasses,  low  cacti,  or  small  bushes  they  can  be  plowed  under  or 
removed  without  much  extra  expense,  but  when  it  consists  of  large 
sagebrush,  mesquite,  or  greasewood,  the  cost  is  high  and  the  task 
of  removing  it  may  require  special  implements.  Of  all  the  desert 
plants  sagebrush  is  the  most  common.  Formerly  the  grubbing  hoe, 
or  mattock,  and  plow  were  the  only  implements  used  to  remove 
this  bush.  Breaking  down  the  branches  and  then  digging  out  the 
roots  before  attempting  to  plow  proved  laborious.  By  this  process 
the  cost  of  grubbing,  gathering  the  brush  into  piles,  and  burning 
varied  from  $2  per  acre  in  light  sage  to  $5  per  acre  in  heavy  sage. 
Of  late,  farmers  who  are  well  provided  with  work  teams  greatly 
expedite  the  work  and  reduce  the  amount  of  manual  labor  by  first 
dragging  a  railroad  rail  or  heavy  timber  over  the  sagebrush.  This 
work  can  be  done  best  when  the  grdund  is  frozen.  If  only  two 
teams  of  two  horses  each  are  available,  one  rail  will  suffice,  but  with 
six,  or,  better  still,  eight  horses,  four  at  each  end,  two  railroad  rails 
may  be  bolted  together.  If  iron  rails  can  not  be  had,  two  large 
logs  chained  together  make  a  good  substitute.  In  railing  brush, 
as  it  is  termed,  the  rails  are  dragged  at  least  twice  over  the  same  strip, 
but  in  opposite  directions.    The  few  stumps  which  remain  are 
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then  grubbed  out  by  hand  or  left  to  be  plowed  out  and  the  brush 
raked  into  windrows  and  burned.  A  brush  rake  may  be  made  of  a 
6-inch  timber  12  feet  long,  by  boring  2-inch  holes  through  the  timber, 
10  inches  apart,  and  inserting  in  each  a  wooden  tooth  about  3  feet 
long.  The  rake  is  then  fastened  by  two  joists  to  the  rear  of  a  wagon 
to  which  a  team  is  hitched.  In  the  San  Joaquin  and  Imperial  val- 
leys of  California  the  railroad  rail  is  bent  in  the  form  of  a  V,  but 
it  is  a  question  if  this  form  has  any  advantages  over  the  straight 
rail.  A  more  effective  implement  for  light  brush  is  sketched  in 
figure  2.  From  8  to  12  horses  are  hitched  to  it  and  20  acres  may 
be  cleared  in  one  day.  In  Kem  County,  Cal.,  a  6  by  12  inch  timber, 
24  feet  long,  shod  with  steel,  is  preferred.    The  steel  shoe  projects 


Fio.  3.— Sigebruih  gnibbo  used  Id  dauliig  tuid  aeer  RlTertoD,  Wyo. 

about  half  an  inch  and  a  board  on  the  back,  similar  to  that  of  a 
buck  scraper,  serves  to  keep  it  in  position.  A  team  is  hitched  to 
each  end,  crossing  the  iield  and  returning  on  the  same  track.  The 
cost  of  the  removal  of  sagebrush  by  means  of  teams  and  a  minimum 
amount  of  hand  labor  runs  all  the  way  from  SI. 50  to  $4  per  acre, 
depending  on  the  character  and  extent  of  the  growth. 

In  the  Imperial  Valley  of  CaUfomia,  the  Kio  Grande  Valley  of 
New  Mexico  and  Texas,  and  in  parts  of  Arizona,  the  mesquite  tree 
is  quite  troublesome  to  remove.  This  usually  has  to  be  grubbed 
out  by  hand  and  the  cost  varies  from  $5  to  $40  per  acre,  depending 
on  the  number  and  size  of  the  trees.  Oscar  Snow  has  600  acres  in 
alfalfa  in  the  Mesilla  Valley,  New  Mexico.  In  its  natural  state  the 
land  was  covered  with  a  dense  growth  of  tomillo,  mesquite,  and 
shad  scale.  He  states  that  it  cost  him  t40  to  S50  per  acre  to  cut 
the  brush,  grub  out  the  roots,  grade  the  land,  and  seed  it  to  alfalfa. 


12  IBBIGATION   OP  ALFALFA. 

The  usual  price  paid  for  grubbing  out  mesquite  bushes  in  Salt  Riv» 
Valley,  Arizona,  is  30  cents  per  tree  and  the  cost  may  run  as  high 
as  $100  per  acre.  The  larger  trees  have  usually  some  value  as  fire- 
wood and  fence  posts. 

Mr.  Hubbard,  of  Weiser,  Idaho,  rids  the  raw  land  of  sagebrush  and 
plows  it  to  a  depth  of  8  inches  before  grading  and  leveling  the  sur- 
face. Whenever  possible,  this  work  is  done  in  the  fall,  and  early  the 
following  spring  the  tract  is  thoroughly  disked  and  harrowed.  He 
prefers  flooding  the  tract  before  seeding  in  order  that  the  water  may 
show  up  the  low  as  well  as  the  high  places  and  also  to  insure  ampls 
moisture  for  the  speedy  germination  of  the  seed.  When  the  surface 
dries  out  suflGiciently  to  pulverize  after  the  harrow,  it  is  seeded.  In 
this  part  of  Idaho  the  cost  per  acre  for  removing  sagebrush  vari^ 
from  $2.50  to  $4;  for  plowing,  $2.50  to  $3;  disking,  50  cents  to  75 
cents;  harrowing,  35  to  50  cents.  Grading  and  leveling  are  dis- 
cussed imder  another  heading. 

In  locaUties  covered  by  native  grasses,  nothing  more  is  necessary 
than  plowing  and  thorough  cultivation.  The  native  grass  lands  of 
Montana  are  usually  plowed  2  to  5  inches  deep  in  the  fall.  In  the 
spring  the  surface  is  double-disked,  perhaps  cross  double-disked,  har- 
rowed, and  leveled,  and  then  seeded  to  grain  rather  than  alfalfa,  in 
order  to  properly  prepare  the  surface  of  the  ground  for  the  later  crop. 

The  cost  of  plowing  new  land  in  Kern  Coimty,  Cal.,  where  the  sur- 
face is  covered  with  low  sage,  wheat,  and  wire  grasses,  runs  from  $2  to 
$4  per  acre,  depending  chiefly  on  the  depth  of  plowing,  which  is  usu- 
ally more  than  4  inches  and  less  than  10  inches.  On  the  extensive 
holdings  of  Miller  &  Lux  traction  engines  are  used  to  operate  gang 
plows,  followed  by  harrows.  By  this  means,  it  is  claimed,  the  cost 
can  be  reduced  to  between  75  cents  and  $1  per  acre. 

In  all  the  older  irrigated  sections  of  the  West  alfalfa  usually  follows 
some  other  crop.  If  preceded  by  grain  the  stubble  is  first  pastured, 
preferably  by  sheep,  plowed  in  the  fall  to  a  depth  of  7  to  10  inches,  and 
then  allowed  to  lie  imtil  the  following  spring,  when  it  is  disked,  har- 
rowed, and  seeded. 

PBBPA&ATOKT  GBOP. 

Experience  has  shown  that  it  is  difficult  in  the  coiuse  of  six  months 
or  a  year  to  secure  a  good  stand  of  alfalfa  on  raw  land  that  has  been 
covered  by  a  desert  growth.  TTiis  is  true  particularly  of  rough,  imeven 
land  on  which  crop  rotation  is  not  to  be  practiced.  It  is  likewise  true 
of  land  thickly  covered  with  brush.  It  has  been  f oimd  impracticable 
in  most  locaUties  to  secure  a  smooth,  well-graded  surf  ace  where  fresh 
roots  interfere  with  the  proper  use  of  all  grading  and  leveUng  imple- 
ments. The  same  is  true  of  hog-wallow  land,  where  considerable  soil 
has  to  be  removed  from  the  high  places  and  deposited  in  the  low 
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places.  It  takes  time  and  a  second  preparation  of  the  surface  before 
fields  of  this  character  can  be  put  in  good  condition  for  the  growth  and 
irrigatioi}  of  alfalfa.  If  crop  rotation  is  to  be  followed  the  necessity 
for  a  preparatory  crop  is  not  so  urgent,  since  the  alfalfa  will  soon  be 
plowed  under  to  give  place  to  another  crop.  In  northern  Colorado, 
where  alfalfa  usually  follows  either  potatoes  or  sugar  beets,  the  sur- 
face is  not  plowed,  but  merely  harrowed  or  disked  in  the  spring  just 
before  seeding.  If  the  surface  is  imeven,  it  is  smoothed  and  leveled 
by  means  of  a  float  or  drag  before  the  seed  is  put  in.  In  southwestern 
Kansas  it  is  likewise  considered  best  to  plant  alfalfa  after  some  cul- 
tivated crop  which  has  held  the  weeds  in  check.  The  land  is  plowed 
in  the  fall  to  a  depth  of  6  inches,  double-disked  in  the  spring  after  the 
weeds  have  started,  and  is  subsequently  harrowed.  In  the  vicinity 
of  Los  Banos,  Cal.,  new  land  is  almost  invariably  sown  to  barley  or 
com  for  two  seasons  before  seeding  to  alfalfa.  In  Utah  wheat  or  oats 
is  preferred  as  a  preparatory  crop.  The  chief  purpose  of  all  such  pre- 
paratory grain  crops  is  to  allow  fresh  roots  of  the  original  plant  cover- 
ing to  decay,  filled-in  spots  to  settle,  high  places  denuded  of  the  upper 
layer  of  soil  to  weather,  and  in  general  to  prepare  a  well-pulveriaed 
seed  bed  in  a  smooth,  well-graded  field. 

METHODS  OF  IBBIGATnrG  ALFALFA. 

The  methods  of  applying  water  to  alfalfa  differ  widely  because  of 
diversity  in  soils  and  subsoils,  in  climate  and  topography,  in  the  nature 
of  the  water  supply,  the  size  of  the  farm,  the  amoimt  of  money  avail- 
able for  preparing  the  land  for  water,  the  prevailing  crops  grown,  and 
the  early  training  and  environment  of  the  irrigator.  The  standard 
methods  have  been  grouped  imder  the  following  heads,  namely,  the 
border  method,  the  check  method,  flooding  from  field  laterals,  furrow 
irrigation,  and  other  less  conmion  methods,  with  various  modifica- 
tions of  each. 

In  passing  it  may  be  said  that  the  usual  order  is  to  locate  and  build 
the  farm  ditches  flxst  and  prepare  the  land  afterwards.  In  this  bul- 
letin it  has  been  deemed  best  to  describe  the  methods  in  use  and  then 
to  consider  the  location  and  construction  of  farm  ditches.  After  one 
has  a  general  knowledge  of  the  various  ways  of  applying  water  and 
of  the  size  and  character  of  the  ditches  required  for  each  method  he  is 
in  a  better  position  to  imderstand  the  proper  methods  to  adopt  in 
building  farm  ditches.  This  subject  will  therefore  be  treated  sepa- 
rately imder  its  own  heading. 

THB  BOBDEB  METHOD. 

Essentially  the  border  method  consists  of  the  division  of  a  field  or 
tract  into  long,  narrow  strips  or  lands  by  low  flat  levees  which  usually 
extend  in  the  direction  of  the  steepest  slope  and  confine  the  water  to 

373 


14  IRBIGATION  OF  ALFALFA. 
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a  single  strip.  The  bed  of  each  strip  is  carefully  graded  to  a  uniform 
slope,  although  the  slope  may  change  to  conform  to  the  contour  of  the 
natural  surface.  The  water  to  irrigate  each  strip  is  taken  from  the 
head  ditch  extending  across  the  upper  edge  of  the  field,  and  is  con- 
trolled by  an  outlet  box  or  border  gate,  although  the  gates  are  some- 
times omitted  to  save  in  first  cost  of  preparing  for  irrigation.  Check 
gates,  canvas  dams,  or  metal  tappoons  are  used  to  hold  up  the  water 
in  the  head  ditch  to  cause  it  to  flow  into  the  borders. 

This  method  is  confined  chiefly  to  the  irrigation  of  alfalfa  and  grain, 
and  in  its  various  modifications  is  used  extensively  in  Arizona,  CaU- 
fomia,  and,  to  a  less  extent,  in  Idaho,  Montana,  and  other  Rocky 
Mountain  States.  It  can  be  used  best  under  canals  which  deUver 
water  to  users  in  large  streams,  since  the  smallest  head  that  can  be 
appUed  successfully  is  seldom  less  than  2  or  3  cubic  feet  per  second. 


Fio.  3.— Levee  smoother  made  by  H.  I.  Moore.  i 

but  heads  of  5  to  10  cubic  feet  per  second  are  the  rule.  It  is  adapted 
especially  to  Ught,  open  soils,  into  which  water  percolates  rapidly,  as 
the  use  of  a  large  stream  confined  between  borders  makes  it  possible 
to  force  water  over  the  surface  without  great  loss  by  percolation. 

On  the  university  farm  at  Davis,  Cal.,  the  borders  or  lands  aver- 
age about  50  feet  wide  by  900  feet  long.  Each  levee  has  a  base 
7  feet  wide  and  is  12  inches  high,  when  newly  made,  but  settles  to 
about  10  inches  before  the  first  crop  is  harvested.  The  bed  of  each 
strip  is  leveled  crosswise  and  slopes  regularly  from  top  to  bottom. 
In  preparing  the  surface  of  this  field,  the  barley  stubble  was  burned, 
then  the  soil  was  disked  and  roughly  graded.  The  location  of 
each  border  was  marked  out  either  by  a  drag  or  by  making  a  furrow. 
Sujfficient  earth  to  form  the  border  was  obtained  by  skimming  the 
surface  with  scrapers.     The  scraper  teams  began  next  to  the  head 
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ditch  and  worked  down.  They  crossed  and  recrossed  the  field  at 
right  angles  to  the  borders^  and  as  a  scraper  passed  a  border  marking 
it  was  dumped.  Each  scraper  width  of  the  borders  was  made  up  of 
two  loads^  but  the  last  load  overlapped  the  first  by  half  the  width  of 
the  scraper.  The  surface  of  each  border  was  then  leveled  to  within 
0.1  or  0.2  foot  of  accuracy.  The  levees  when  first  built  were  rough, 
irregular,  and  steep.  They  were  cut  down  to  a  uniform  grade  by  a 
homemade  device  called  a  planer,  shown  in  figure  3. 

In  Imperial  Valley,  California,  a  40-acre  tract  is  divided  in  22  lands 
each  60  feet  wide  and  0.25  mile  Jong.  When  the  slope  is  too  steep  the 
lands  run  diagonally  across  the  tract.  In  order  to  lessen  the  first 
cost  the  material  for  the  borders,  instead  of  being  scraped  from  the 
high  portions  of  the  lands,  is  taken  from  the  sides  of  the  borders. 
This  creates  hollows  in  which  water  may  collect,  makes  the  mowing 
and  raking  more 
difficult,  and  fre- 
quently lessens  the 
yield.  Such  bor- 
ders may  be  made 
by  the  use  of  the 
plow  and  ridger 
(fig.  4).  In  this 
method  a  narrow 
strip  is  first  plowed 
and  then  the  ridger, 
drawn  by  a  number 
of  horses,  forms  the 
loose  earth  into  a 
ridge.   The  cost  per  _ 

*=*    .  f  Fio.  4.— Adjustable  ridger. 

acre  for  preparing 

the  land  by  the  border  method  in  this  valley  varies  all  the  way  from 
$5  to  $20,  depending  on  the  character  of  the  native  vegetation  and 
the  size  and  number  of  the  hummocks.  When  creosote  bushes  and 
mesquite  trees  are  surroimded  by  wind-driven  sands,  the  cost  may 
run  as  high  as  $40  per  acre. 

In  Salt  River  Valley,  Arizona,  the  customary  method  of  preparing 
the  land  for  alfalfa  is  to  remove  the  brush,  plow  the  high  places,  and 
roughly  level  the  surface  with  suitable  scrapers.  Then  the  borders 
are  marked  off  from  30  to  50  feet  apart.  The  spacing  depends  on  the 
porosity  of  the  soil,  the  configuration  of  the  land,  and  the  head  of 
water  available.  After  forming  rough  borders  by  means  of  four  plow 
furrows  thrown  together  to  form  a  ridge,  a  disk  or  spring-tooth  har- 
row is  run  lengthwise  of  the  lands.  The  borders  are  then  crowded 
with  a  V  crowder  and  usually  a  leveler  is  run  transversely  to  the 
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borders  to  round  them  oflf.  The  land  then  receives  a  heavy  irrigati<m 
and  when  dry  enough  to  woric  is  again  disked  or  harrowed  and  seeded. 
Such  borders  when  first  made  have  a  base  of  about  3  feet  and  a  height 
of  1  foot,  which  settles  to  about  9  inches.  The  length  of  the  borders 
or  lands  varies  from  one-eighth  to  one-fourth  nule. 

The  farmers  on  the  Roswell  Bench  on  the  south  side  of  the  Boise 
River  in  Idaho  make  the  levees  66  feet  apart  and  300  to  1,300  feet 
long,  depending  chiefly  on  the  topography  of  the  land.  The  land  is 
first  leveled  with  scrapers,  then  plowed  and  harrowed,  after  which 
the  borders  are  marked  off  and  thrown  up  by  plowing  two  to 
four  furrows  with  a  heavy  plow.  Before  seeding,  a  homemade  planer 
is  dragged  lengthwise  and  crosswise  of  the  lands  in  order  to  fill  up 
the  hollows  by  cutting  off  the  high  places.  The  cost  of  preparing 
land  in  this  way  and  seeding  varies  from  $10  to  $30  per  acre,  depend- 
ing upon  the  roughness  of  the  surface. 

One  of  the  great  advantages  of  this  method  is  that  it  enables  one 
man  to  use  a  large  stream  of  water  and  irrigate  a  large  area  with  a 
mmimnnn  of  labor.  The  size  of  streams  used  in  the  Rillito  Valley  in 
Arizona  varies.  A  head  of  about  100  miner's  inches  is  turned  into 
a  plat  of  land  30  feet  wide,  and  takes  one  tb  three  hours  to  reach  the 
lower  end,  660  feet  distant.  Two  men  working  twelve  hours  each, 
with  this  head  of  water,  will  irrigate  in  twenty-four  hours  12  to  15 
acres,  at  a  cost  of  20  to  25  cents  per  acre  for  each  watering.  In  the 
extensive  alfalfa  fields  belonging  to  the  Butterfield  Live  Stock  Com- 
pany, of  Weiser,  Idaho,  the  head  ditch  has  a  capacity  of  150  to  500 
miner's  inches,  divided  into  three  or  four  streams,  and  permitted  to 
flow  down  as  many  lands  until  the  soil  is  moistened  to  a  depth  of 
several  feet.  Each  field  receives  three  such  waterings  in  a  season. 
On  the  alfalfa  fields  in  Yolo  Coimty,  Cal.,  the  natural  slope  of  the  land 
is  about  1  foot  in  400.  On  the  shorter  lands  the  head  used  is^dom 
less  than  6  cubic  feet  per  second,  but  three  and  four  times  this 
quantity  is  often  appUed  to  the  longer  lands.  .  On  fields  well  laid 
off,  with  good  border  gates  and  border  levees,  two  men  can  irrigate 
20  to  40  acres  in  twelve  hours,  the  area  within  these  limits  depending 
chiefly  on  the  size  of  the  irrigating  head.  In  Imperial  Valley,  Cali- 
fomia,  the  size  of  the  head  used  varies  from  50  to  .600  miller's  inches. 
In  using  a  head  of  500  inches  it  is  customary  to  divide  it  among  five 
lands.  With  such  a  head  it  is  not  imusual  for  two  men  working  twelve- 
hour  shifts  to  irrigate  80  acres  in  twenty-four  hours. 

THB  CHECK  METHOD. 

The  essential  features  of  the  check  method  of  irrigation  consist 
in  surroimding  nearly  level  plats  of  groimd  with  low  levees,  and  in 
making  provision  to  flood  each  by  means  of  a  ditch  and  check  box  or 
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gate.  The  inclosed  spaces  may  be  laid  out  in  straight  lines  in  both 
directions,  thus  forming  with  their  levee  borders  s  series  of  rec- 
tangles, or  the  levees  may  follow  more  or  less  closely  the  contour 
lines  of  the  natural  surface  of  the  ground,  thus  forming  contour 
checks.  The  moat  favorable  conditions  are  a  light,  sfmdy  soil  on  a 
comparatively  even  slope  of  3  to  15  feet  to  the  mile,  abimdantly 
supphed  with  water.  This  method  is  also  used  on  heavy  soils,  where 
it  is  necessary  to  hold  the  water  on  the  soil  to  secure  its  percolation  to 
the  desired  depth. 

In  California  not  only  does  the  form  of  the  checks  vary,  but  their 
size  as  well,  some  of  the  smaller  being  less  than  one-half  acre  in  area, 

while  some  of  the  lai^er  '  

contain   more   than   10 
acres. 

In  the  Modesto  and 
Turlock  irrigation  dis- 
tricts the  surface  of  the 
land  imder  ditch  slopes 
about  5  feet  to  the  mile, 
and  is  too  uneven  to  be 
irrigated  without  being 
leveled  first.  The  un- 
evenness  consists  in 
swales,  hog  wallows,  and 
mounds.  The  land  is 
surveyed  firat  either  by 
an  engineer  or  by  the 
owner.  In  the  latter 
case  use  is  made  of  a 
carpenter's  level,  with 
peep  sights,  mounted  on 
a  tripod  (fig.  5).  The 
long  side  of  each  check 
should  be  on  the  flat 
slope  and  the  short;  side  on  the  steep  slope.  A  fall  of  3  to  5  inches 
between  adjacent  checks  is  preferable  to  either  more  or  less.  Usually 
the  width  of  checks  can  be  so  adjusted  as  to  permit  of  this  difference 
in  elevation.  The  length  of  each  rectangle  will  depend  on  the  slope  in 
that  direction  as  well  as  the  location  of  the  supply  ditches.  The  field 
should  be  laid  out  in  such  a  way  that  the  levees  may  be  built  with  the 
least  handling  of  dirt.  Rectangular  checks  possess  many  advantages 
over  irregular  contour  checks,  but  if  much  of  the  better  quaUty  of 
surface  soil  has  to  be  removed  in  order  to  build  the  former,  the  advan- 
tages may  be  more  than  outweighed  by  the  damage  caused  by  grading 
and  the  extra  cost. 
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Figure  6  shows  in  outline  the  rectangular  checks,  supply  ditches, 
and  check  boxes  on  the  farm  of  T.  K.  Beard,  east  of  Modesto,  Cal. 
Mr.  Beard  plows  the  land  in  the  early  spring  to  a  depth  of  6  inches 
with  a  4-gang  plow.  During  the  sununer  the  checks  and  ditches  are 
built  in  a  sort  of  rough  way,  no  effort  being  made  to  level  the  floor 
of  the  checks  or  to  smooth  the  levees  and  ditch  banks.     It  is  then 

heavily  irrigated,  and  after  the 
soil  is  sufficiently  dry  the  floor 
of  each  check  is  carefully  lev- 
eled and  the  levees  trimmed 
and  smoothed.  For  the  latter 
purpose  the  grader  shown  in 
figure  7  is  preferred.  One  pas- 
sage of  this  grader  across  the 
top  of  each  levee  and  once  along 
each  side  reduces  the  levee  to 
a  base  of  14  feet,  and  a  height 
of  8  inches  on  the  high  side 
and  10  inches  on  the  low  side. 
On  the  west  side  of  the  San 
Joaquin  Valley  the  land  to  be 
seeded  to  alfalfa  is  almost  in- 
variably formed  into  contour 
checks.  A  conmion  arrange- 
ment is  that  shown  in  figure  8. 
Here  the  supply  ditches  are  in- 
tended to  be  about  600  feet 
apart,  and  levees  are  built  mid- 
way between.  The  sides  of  the 
checks  conform  in  a  measure^ 
but  not  exactly,  to  the  natural 
contours,  having  a  difference 
in  elevation  of  0.3  to  0.4  foot. 
The  average  area  of  a  check 
is  half  an  acre.  In  1908  prices 
were  obtained  on  the  cost  of 
preparing  land  in  contour  checks  and  seeding  to  alfalfa.  The  aver- 
age cost  on  2,067  acres  of  comparatively  smooth  grain  land  was 
$11.46  per  acre.  Across  the  river  in  Modesto  and  Turlock  districts, 
where  rectangular  checking  is  more  common  and  where  the  natural 
surface  is  more  uneven,  the  cost  was  estimated  at  $17.50  for  contour 
checks  and  $19  for  rectangular  checks.  These  latter  figures  included 
ditching,  but  excluded  the  cost  of  seed  and  seeding. 

In  the  Modesto  and  Turlock  irrigation  districts  the  feed  ditches 
are  designed  to  carry  large  heads  of  10  to  20  cubic  feet  p^  aooond. 
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-Laying  out  rectangular  checks  on  farm  of 
T.  K.  Beard,  Modesto,  Cal. 
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These  large  heads  are  used  by  the  farmers  in  turn  for  short  periods 
of  time,  depending  upon  the  acreage  served.    In  the  smaller  checks  a 
head  of  5  cubic  feet  per  second  will  suffice,  and  if  20  cubic  feet  per 
second  are  available  four  checks  may  be  irrigated  simultaneously. 
Thi",   head  flowing 
on  a  check  contain- 
ing   1    acre    would 
cover  it  to  a  depth 
of  about  5  inches  in 
one  hour,     A  part 
of  the  water  so  ap- 
plied is  always  lost 
by  evaporation,  but 
the  balance  perco- 
lates into  the  soil 
to  furnish  moisture 

to  the  plants.     The  f,o.  7.-0r»der. 

skillful  irrigator  begins  with  t)ie  highest  checks  and  works  down 
for  the  reason  that  all  waters  which  escape  through  the  gopher 
holes  or  broken  levees  may  be  then  applied  to  dry  checks.  To 
reverse  this  rule  might  result  in  overirrigating  the  lower  checks. 
The  average  cost  of  irrigating  for  the  season  where  proper  check 
boxes  are  inserted  is  about  60  cents  an  acre. 


Fio.  8.— Laying 


On  the  west  side  of  the  San  Joaquin  Kiver  each  of  the  irregular 
compartments  contains  1  to  3  acres,  averaging  about  2  acres.  Few 
permanent  wooden  check  boxes  are  usetl.  The  water  is  checked  up 
by  dams  of  coarse  manure,  and  an  opening  is  made  in  the  levee  bank 
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with  a  shovel  to  admit  the  water.  The  lack  of  suitable  boxes  to 
control  the  water  passing  from  the  feed  ditch  into  each  check  and 
the  use  of  smaller  heads  greatly  increase  the  cost  of  irrigating  over 
that  of  the  Modesto  and  Turlock  districts.  In  the  latter  the  cost 
for  the  season  was  estimated  at  60  cents  per  acre,  while  in  the  former 
the  estimate  is  90  cents  for  each  watering. 

The  chief  advantage  of  the  check  method  is  that  one  man  can 
attend  to  a  lai^e  volume  of  water  and  can  irrigate  7  to  15  acres  in 
ten  hours,  making  the  cost  of  applying  water  less  than  by  any  other 
method  except  the  border  method.  To  counterbalance  this  impor- 
tant gain,  there  are  several  disadvantages  which  .western  farmers 
ought  to  consider.  These  are  the  removal  of  a  considerable  quantity 
of  surface  soil  to  form  the  levees,  which  frequently  decreases  the  yield 
on  the  graded  spots;  the  extra  cost  of  preparing  the  land;  the  dam- 
age done  to  farm  implements  in  crossing  levees;  and  the  fact  that 
this  method  is  not  well  adapted  to  a  rotation  of  crops. 

THE   FLOODINO  METHOD. 

Flooding  from  field  ditches  or  laterals  is  still  the  most  common 
method  of  applying  water  to  the  arid  lands  of  western  America. 
In  the  States  of  Colorado,  Montana,  Wyoming,  Utah,  and  to  a  large 
extent  in  Idaho,  alfalfa,  clover,  native  meadows,  and  grain  are 
irrigated  in  this  way.  This  manner  of  wetting  dry  soil  originated, 
it  is  believed,  in  the  mountain  States,  and  the  past  half  century  has 
witnessed  a  gradual  evolution  of  this  plan,  so  that  now  it  has  not 
only  become  firmly  established,  but  is  regarded  as  the  best  suited 
to  the  conditions  under  which  it  is  practiced.  It  can  be  profitably 
used  on  slopes  that  are  too  steep  for  other  methods.  Fields  having 
a  firm  soil  and  a  fall  of  25  feet  to  100  feet  have  been  flooded  suc- 
cessfully. From  this  extreme  the  slope  may  diminish  to  less  than 
0.1  foot  in  100  feet.  Its  cheapness  is  another  feature  which  recom- 
mends it  to  the  farmer  of  limited  means.  Ordinary  raw  land  can 
be  prepared  for  flooding  at  an  expense  of  $2  to  $5  per  acre.  Again, 
it  is  adapted  to  the  use  of  small  water  supplies.  In  the  mountain 
States  the  irrigation  systems  have  been  planned  and  built  to  deliver 
water  in  comparatively  small  streams  for  use  in  flooding  or  in  furrows, 
and  water  users  should  be  certain  that  the  larger  volumes  required 
for  checks  and  borders  can  be  secured  before  going  to  the  expense  of 
preparing  their  fields  for  either  of  those  systems. 

In  grading  the  land  for  this  particular  method  it  is  not  customary 
to  make  many  changes  in  the  natural  surface.  Only  the  smaller 
knolls  are  removed  and  deposited  in  the  low  places.  An  effort  is 
made  always,  however,  to  make  the  farm  laterals  fit  into  the  natural 
slope  and  configuration  of  the  tract  to  be  watered  so  as  to  bring 
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the  water  to  the  high  places.  On  steep  slopes  the  laterals  may  be 
less  than  50  feet  apart;  on  flatter  slopes  they  may  be  200  feet  or  more 
apart.  Whatever  the  spacing  it  is  always  desirable  to  have  the 
slope  between  them  as  nearly  uniform  as  possible.  When  the  land 
in  its  natural  state  is  imeven,  the  grading  can  be  done  best  by  a 
grader  of  the  kind  shown  in  figure  7,  page  19,  or  a  scraper  of  the  kind 
shown  in  figure  9.  When  these  are  used,  it  is  often  advantageous 
to  make  use  of  some  such  implement  as  the  grader  shown  in  figure  10 
for  the  final  smoothing  and  grading.  If  the  field  in  its  natural  state  is 
comparatively  smooth  and  level  a  homemade  drag  or  leveler,  as  shown 
in  figure  11,  serves  the  purpose  fairly  well. 

The  distribution  of  the  ditches  on  the  field  varies  too  widely  to 
admit  of  presenting  a  standard  plan,  but  figure  12  shows  an  arrange- 


FlO.  9.— Scraper. 

ment  of  field  laterals  common  to  the  mountain  States.  A  supply 
ditch,  AB,  is  built  on  one  side  and  laterals,  CD  and  EF,  branch  out 
from  it  on  a  grade  of  0.5  to  0.75  inch  to  the  rod.  These  laterals  are 
spaced  75  to  100  feet  apart  and  are  made  with  double  moldboard 
plows,  either  walking  or  sulky.  Figures  13  and  14  illustrate  other 
common  arrangements  in  use  in  northern  Colorado. 

In  the  vicinity  of  Fort  Collins,  Colo.,  the  main  lateral  is  built  to 
the  highest  comer  of  the  field  to  be  irrigated  and  the  smaller  laterals 
extend  out  from  it,  spaced  75  to  225  feet  apart,  the  spacing  depend- 
ing on  the  slope  of  the  groimd  and  the  coarseness  of  the  soil.  The 
size  of  the  laterals  is  governed  by  the  head  which  may  be  had,  but 
on  steep  slopes  and  on  soil  that  erodes  readily,  small  heads  are  best. 
Around  Berthoud,  Colo.,  the  land  is  naturally  of  uniform,  even  slope, 
and  little  grading  has  been  necessary.  Heavy  timber  or  iron  drags 
are  used  to  smooth  the  surface  after  plowing  so  that  the  water  will 
spread  evenly.    These  are  built  in  various  ways  and  out  of  whatever 

373 


22 


IBKIGATION  OP  ALFALFA. 


material  happens  to  be  available  on  the  f  ann.  Worn-out  steel 
such  as  have  been  removed  from  a  railway,  are  often  used,  two  rails 
being  fastened  together  about  30  inches  apart.  A  team  is  hitched 
to  each  end  and  the  driver  rides  on  the  drag.    Once  over  a  field  with 


Fig.  10.— Leveler  used  in  Oallatiii  Valley,  Montana. 

a  drag  of  this  kind  is  usually  sufficient  to  make  the  surface  quite 
uniform  and  smooth.  The  proper  location  for  field  laterals  is  xisually 
evident  to  the  irrigator  without  the  use  of  surveying  instruments, 
though  in  fields  where  the  fall  is  slight  it  is  often  necessary  to  have 
a  topographical  survey  made  and  the  laterals  located  by  an  engineer. 
Field  laterals  ar€|  always  so  located  that  they  cover  the  highest  parts 
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of  the  field  and  their  distance  apart  in  alfalfa  varies  from  10  to  20 
rods. 


Fio.  11.— Homemade  drag  or  leveler. 

The  head  required  for  flooding  from  field  laterals  in  northern 
Colorado  varies  from  2  to  3  cubic  feet  per  second  and  is  divided 
between  two  or  three 
laterals.  Canvas  or 
coarse  manure  dams 
are  used  to  check  the 
water  in  the  laterals 
and  to  force  it  out  over 
the  banks  and  down 
the  slopes  of  the  fields. 
In  less  than  three  hours 
the  upper  foot  of  soil 
is  usually  thoroughly 
moistened.  To  apply 
one  watering  in  this 
way  costs  from  15  to  30 
cents  an  acre. 

In  flooding  clover  and 
alfalfa  fields  in  Montana 
the  field  ditches  usually 
run  across  the  field  on 
a  grade  of  0.5  to  0.75 
inch  to  the  rod.  (See 
fig.  12.)  The  spacing 
between  ditches  varies 
with  the  slopes,  the 
smoothness  of  the  sur- 
face, and  the  volimie 
of  water,   but   80  feet 


is  about  an 


average. 


FiQ.  12.— Preparing  land  for  flooding  in  Montana. 

The  head  used  is  seldom  less  than  1.5  or 
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more  than  4  cubic  feet  per  second,  the  larger  heads  being  divided 
between  two  or  three  ditches.  In  irrigating,  a  canvas  dam  is  first 
inserted  in  each  ditch  or  set  of  ditches,  75  to  100  feet  below  the  head. 
The  water  is  then  turned  into  each  channel  and  flows  as  far  as  the 
canvas  dam,  by  which  it  is  checked  and  as  a  consequence  rises  and 
flows  over  the  low  places  of  the  lower  bank  or  through  openings  made 
with  the  shovel.  When  these  small  tracts  have  been  watered,  the 
canvas  dam  is  raised,  dragged  down  the  lateral  75  to  100  feet,  and 
again  inserted  in  the  channel  to  serve  the  next  tract.  Manure  dams 
sometimes  take  the  place  of  the  movable  canvas  dams.  Some  time 
before  a  field  is  to  be  irrigated  and  after  the  ditching  is  done  coarse 
manure  is  placed  in  small  heaps  within, each  ditch  channel  at  suit- 
able intervals  and  each  heap  is  covered  with  earth  on  its  upper  face 
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to  a  depth  of  1  to  2  inches.  When  this  check  has  served  its  purpose  it 
is  broken  and  the  water  flows  down  until  stopped  by  the  next  check. 
In  some  instances  permanent  wooden  check  boxes  are  inserted  in 
each  lateral,  while  in  others  the  canvas  dam  is  used.  The  thorough 
irrigation  of  4  acres  is  considered  a  good  twelve  hours'  work  for  one 
man.  By  the  use  of  100  miner's  inches,  two  men  can  irrigate  7  to 
10  acres  in  twenty-four  hours  at  a  cost  of  45  to  65  cents  per  acre. 

In  the  Salt  Lake  Basin  the  heads  of  water  used  by  the  irrigators  of 
alfalfa  vary  considerably  with  the  flow  of  the  streams.  In  spring 
heads  of  4  to  6  cubic  feet  per  second  are  common,  while  later  in  the 
season  when  the  streams  are  low  they  are  reduced  to  1  to  3  cubic  feet 
per  second.  A  field  is  usually  divided  into  strips  200  to  500  feet  wide 
by  laterals  extending  across  it  (fig.  12).  A  permanent  wooden  check 
box  or  a  canvas  dam  is  inserted  in  the  main  supply  ditch  below  each 
cross  ditch,  causing  the  water  to  flow  into  the  cross  ditch.  From 
there  it  is  spread  over  the  surface  through  small  openings  in  the  ditch 
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bank  and  any  excess  water  is  caught  up  by  the  next  lower  ditch. 
In  this  way  each  ditch  serves  a  double  pm^ose,  acting  as  a  drainage 
channel  for  the  land  above  it  and  as  a  supply  channel  for  the  land 
below  it. 

In  summarizing  the  advantages  of  the  flooding  method^  it  may  be 
said  that  in  first  cost  it  is  one  of  the  cheapest,  it  is  adapted  to  the 
delivery  of  small  volumes  of  water  (50  to  100  miner^s  inches)  in  con- 
tinuous streams,  it  is  particularly  well  adapted  to  forage  and  cereal 
crops  of  all  kinds,  the  top  soil  is  not  removed  from  the  high  places 
to  fill  up  the  low  places,  and  firm  soil,  although  it  be  on  steep  and 
irregular  hiUsides,  can  be  successfully  watered. 


PiQ.  14. — A  20-acre  alfalfa  field  near  Berthoud,  Colo.,  showing  supply  lateral,  field  laterals,  contouis, 

and  waste  ditches. 

The  chief  disadvantages  consist  in  the  fatiguing  labor  required  to 
handle  the  water,  the  small  area  which  one  man  can  irrigate  in  a 
day,  the  diflSculty  in  applying  water  after  dark,  and  the  unequal  dis- 
tribution of  water  on  the  field  imless  more  than  the  average  care  is 
exercised. 

THE   FXJBBOW  METHOD. 

Alfalfa,  native  meadows,  and  grain  are  most  commonly  irrigated 
by  one  of  the  methods  previously  described  rather  than  by  the  furrow 
method,  which  is  the  usual  method  of  irrigating  orchards,  gardens, 
root  crops,  and  vegetables.  The  irrigating  of  alfalfa  from  furrows  is 
at  present  confined  to  the  Yakima  Valley,  Washington,  to  portions 
of  the  Snake  River  Valley  in  southern  Idaho,  and  to  comparatively 
small  areas  in  other  States.     In  the  localities  named  the  soil  is  a  fine 
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clay  loam  which  runs  together,  puddles  when  wet,  and  bakes  and 
cracks  when  dry.  Flooding  the  surface  by  any  of  the  customary 
methods  tends  to  puddle  the  top  layer  of  soil,  which  becomes  quite 
hard  when  the  moisture  is  evaporated.  The  puddling  and  batdng 
processes  injure  alfalfa,  and  it  was  with  the  object  of  keeping  as 

much  as  possible  of 
the  surface  dry  that 
furrows  were  intro- 
duced. When  a 
small  stream  is  per- 
mitted to  nm  in  the 
bottom  of  a  furrow 
for  several  hours 
the  soil  beneath  and 
for  some  distance 
on  each  side  be- 
comes wet,  while 
the  surface  may  re- 
main nearly  dry. 
This  is  shown  in  figure  1 5,  which  gives  the  area  wetted  from  a  furrow 
5  inches  deep  in  seven  hours  as  determined  in  one  of  the  orange 
orchards  of  southern  California. 

The  alfalfa  grown  in  the  Yakima  Valley  in  Washington  is  practi- 
cally all  irrigated  by  means  of  furrows.  The  grading  is  usually 
done  by  buck  scrapers  (fig.  16) ,  while  a  long,  rectangular  drag  similar 
to  the  one  shown  in  figure  11  (p,  23)  removes  most  of  the  surface 
inequalities  that  remain  after  the  surface  has  been  leveled  roughly 
by  the  scraper.  The  float  is  made  of  two  2  by  6  inch  timbers  about 
20  feet  long,  held  in  position  by  crosspieces  of  the  same  size  6  feet  long. 


The  common  practice  is  to  run  the  furrows  across  the  entire  width 
or  length  of  a  field,  and  in  consequence  their  length  varies  from 
20  rods  or  less  in  small  fields  to  80  rods  in  lai^  fields.  As  a  rule, 
the  furrows  are  too  long.  Farmers  object  to  cutting  up  a  field  by 
head  ditches,  but  in  a  climate  like  that  of  the  Yakima  Valley  in 
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midsiunmer  by  far  the  most  essential  element  in  plant  production 
is  water,  and  all  other  considerations  should  give  place  to  it.  It 
has  been  shown  <*  that  water  is  rarely  distributed  evenly  in  furrow 
irrigation  and  that  much  is  lost  by  deep  percolation.  To  increase 
the  length  of  a  furrow  beyond  660  feet,  or  one-eighth  mile,  not  only 
increases  the  loss  but  renders  a  uniform  distribution  more  difficult 
to  secure.  Except  in  rare  cases,  this  distance  should  be  regarded 
as  the  liniit  for  the  length  of  furrows.  In  light,  sandy  soils,  having 
a  porous  gravel  stratum  beneath,  the  length  may  well  be  reduced  to 
250  feet. 
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Fio.  17.~Showliig  tract  prepared  for  furrow  Irrigation. 

Figure  17  shows  the  manner  of  dividing  an  alfalfa  field  for  furrow 
irrigation  at  Kennewick,  Wash.  Lumber  head  flumes,  either  8  by  8 
inches  or  6  by  6  inches,  are  placed  along  the  upper  boundary  of 
each  strip  and  the  direction  of  the  flow  in  both  flumes  and  furrows 
is  indicated  by  arrows.  Auger  holes  are  bored  through  one  side  of 
the  flume  flush  with  the  bottom  at  points  where  water  is  to  be  deliv- 
ered to  the  heads  of  furrows.  A  short  piece  of  lath  revolving  on  a 
nail  controls  the  flow  from  each  opening.  On  steep  grades  a  cleat 
on  the  bottom  of  the  inside  of  the  flume  nailed  on  crosswise  just 
below  each  opening  will  dam  back  the  water  and  increase  the 
discharge. 
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When  flumra  are  considered  too  costly  the  water  is  distributed 
among  the  furrows  through  wooden  spouts  set  in  the  bank  of  an 
ordinary  earthen  ditch  (fig.  18).  These  head  ditches  when  in  o[>er- 
ation  are  divided  into  a  series  of  level  spaces  by  means  of  drop  boxee 
which  hold  the  surface  of  the  water  at  the  desired  elevation.  The 
spacing  of  these  drop  boxes  depends  on  the  grade  of  the  head  ditch 
and  their  cost  averages  about  S2.50  each.  Spouts  are  made  usually 
by  nailing  together  four  lath.  There  is  a  special  lath  on  the  market 
somewhat  heavier  than  the  ordinary  one  used  for  plastering  build- 
ings, being  0,5  inch  thick,  2  inches  wide,  and  3  feet  long.  Four 
of  these  when  nailed  together  cost  about  3.5  cents  and  each  spout 
in  place  costs  about  6.5  cents.  Assuming  that  they  are  spaced 
4  feet  apart  the  spouts  for  a  square  tract  of  10  acres  would  cost 


Fla.  IS.— UaniiBr  ol  placing  tubes  In  dlUb  bank  lor  tanow  bitgatlon. 

$10.73,  or  slightly  more  than  $1  per  acre.  The  cost  of  an  ordinary 
head  ditch,  with  four  drops  or  check  boxes,  would  be  about  $15 
for  the  same  tract,  or  $2.50  per  acre  for  both,  exclusive  of  grading, 
smoothing,  and  leveling.  Tin  tubes,  0.5  inch  in  diameter,  one  to 
each  furrow,  have  sometimes  been  used  instead  of  the  wooden  tubes. 
When  set  0.5  inch  below  the  water  surface  each  tube  discharges 
about  0.1  miner's  inch,  which  is  about  right  for  a  slope  of  3  per  cent. 
The  length  of  the  tin  tubes  is  governed  by  the  size  of  the  ditch  bank. 
The  tubes  are  set  while  the  water  is  In  the  ditch  and  are  kept  at 
the  same  level  between  check  boxes.  The  cost  of  tin  tubes  2  feet 
long  is  about  $3  per  hundred.  In  many  places  neither  flumes  nor 
tubes  are  used.  Water  is  taken  through  cuts  in  the  ditch  bank 
and  divided  among  the  furrows  as  evenly  as  possible  by  directing 
it  with  the  shovel.  This  practice  reduces  the  cost  of  preparing  the 
land  for  irrigation,  but  it  increases  the  cost  of  applying  water,  and 
does  not  secure  an  even  distribution  among  the  furrows. 
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Fio.  19.~Fiirrower  used  on  experiment  fann,  Rlverton,  Wyo. 


Furrows  in  alfalfa  fields  are  most  commonly  made  by  the  use  of 
&  marker,  or  furrowing  sled  (fig.  19).  Sleds  with  more  than  two 
rimners  are  sometimes  used,  reducing  the  time  required  for  furrowing, 
but  not  producing  quite 
so  satisfactory  furrows, 
since  an  obstruction 
under  one  of  the  outside 
runners  will  lift  all  but 
the  other  outside  run- 
ner out  of  the  ground 
and  leave  obstructions 
in  the  furrows,  which, 
if  not  removed,  will 
cause  the  flooding  of  the  surface.  Sometimes  a  marker  is  put  on  the 
sled  to  indicate  the  place  for  the  next  furrow. 

For  the  irrigation  of  most  of  the  crops  grown  in  the  vicinity  of 
Twin  Falls,  Idaho,  the  feed  ditches  are  laid  out  across  the  field  as 
nearly  parallel  as  possible  on  a  grade  of  2  to  6  inches  to  100  feet  and 
300  to  500  feet  apart.  Furrows  are  made  in  the  direction  of  the 
greatest   slope    and    approximately    at    right    angles  to    the  feed 

ditches.  Starting  at  the 
upper  end,  a  wooden 
check  is  inserted  in  the 
ditch  at  the  end  of  each 
fall  of  12  inches.  Thus, 
if  the  ditch  has  a  fall  of 
4  inches  to  100  feet  the 
checks  are  placed  300 
feet  apart.  Each  check 
box  is  provided  with  a 
removable  flashboard, 
which,  when  in  place, 
backs  the  water  to*  the 
next  check  above  and  at 
the  same  time  permits 
the  surplus  water  to  flow 
over  its  top  to  supply 
the  checks  below  (fig. 
20).  Lath  tubes  16  to  24 
inches  long  are  inserted 
in  the  lower  ditch  bank  about  3  inches  below  the  water  level  formed 
by  the  flashboards  when  in  place.  These  tubes  are  put  in  while 
the  check  is  full  of  water  in  order  that  all  of  each  set  may  be  on  the 
same  level  and  that  water  may  be  had  for  puddling.  The  flow  from 
each  tube  may  be  divided  among  several  furrows.    Ordinarily  a 

373 


Fia.  20.— Check  box  for  furrow  irrigation. 
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40-&cre  fann  will  require  about  30  check  boxes  and  1,800  tubes. 
Nearly  oue-half  the  tubes  ought  to  be  24  inches  long  to  insert  near 
the  check  boxes  where  the  hank  is  heaviest,  while  the  remainder 
may  be  16  inches  long.  The  check  box  shown  in  the  sketch  (fig-  20) 
calU  for  17  b.  m.  feet  of  lumber,  but  a  serviceable  box  can  be  made 
out  of  old  packing  boxes. 

Some  of  the  advantages  of  this  n^ethod  over  ordinary  furrow 
irrigation  are:  A  constant  head  over  the  inlets  of  each  set  of  tubee 
while  the  surplus  passes  down  the  field  ditch ;  the  oppoHunity  to  use 
one  or  all  or  any  combination  of  checks  at  the  same  time,  as  it  b 
possible  to  regulate  the  head  and  consequently  the  discharge  by 


Fia.  31.— BnUdlDE  a  suppl;  dlldi. 

raising  or  lowering  the  flashboard ;  and  the  automatic  character  of 
the  water  dbtribution  while  irrigating. 

No  fixed  rute  can  be  given  as  to  the  proper  spacing  of  the  furrows 
or  the  time  water  should  run  in  each.  In  heavy  retentive  soils  the 
furrows  may  be  2  to  2.5  inches  deep  and  only  16  inches  apart,  while 
in  more  open  soils  the  furrows  may  be  4S  inches  apart. 

The  amount  of  water  which  should  flow  in  each  furrow  depends 
on  the  character  of  the  soil  and  the  slope.  It  is  a  conunon  practice 
in  the  Yakima  Valley  to  space  the  furrows  18  to  24  inches  apart 
when  the  seeding  is  done,  but  as  the  plants  grow  their  roots  soon 
penetrate  several  feet  into  the  soil  and  alternate  furrows  are  then 
abandoned.  If  the  tract  contains  10,  20,  or  30  acres  the  furrows 
run  all  the  way  across,  if  the  slope  will  allow  it.    Water  is  frequently 
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run  a  quarter  of  a  mile  in  the  small  furrows.  In  furrows  660  to 
1,320  feet  long  tn  sandy  loam,  the  water  has  to  be  kept  running  con- 
tinuously for  about  two  days,  and  consequently  there  is  usually 
much  waste  due  to  deep  percolation.  In  distributing  water  in  fur- 
rows it  is  a  good  plan  to  follow  the  practice  of  the  irrigators  of  the 
orange  belt  in  southern  California,  who  turn  into  each  furrow,  until 
the  furrows  are  wet,  three  or  four  times  as  much  water  as  will  be  per- 
mitted to  remain,  and  then  reduce  the  flow. 

FABJI  DITCHES. 

The  capacity  and,  to  some  extent,  the  location  of  farm  ditches 
depend  chiefly  on  the  method  of  applying  water.  In  the  border 
method  the  supply  ditch  is  usually  large  and  so  located  as  to  convey  a 
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Tm.  2.— A  border  gsW  uHd  Id  Impailal  VsUer, 

sufficient  Tolume  of  water  to  the  head  of  eacli  land.  In  Imperial  Val- 
ley in  California  these  head  ditches,  as  they  are  called," have  a  bottom 
width  of  6  feet  and  a  surface  width  of  12  to  14  feet.  In  building  a 
ditch  of  this  size  a  strip  6  feet  wide  on  the  center  line  of  the  ditch  is 
plowed  6  inches  deep.  Then  parallel  strips,  also  6  feet  wide,  are 
plowed  8  feet  distant  from  it.  Scraper  teams  then  cross  and  recross 
these,  taking  dirt  from  the  plowed  strips  and  dumping  it  on  the  un- 
plowed  spaces  to  form  the  banks  (fig.  21).  The  banks  when  com- 
pleted are  about  2  feet  above  the  natural  surface  of  the  ground,  and 
the  bottom  of  the  ditch  is  6  to  10  inches  below  it.  When  it  is  deemed 
best  not  to  create  a  depression  at  the  outer  toe  of  each  embankment, 
the  borrowed  dirt  is  taken  from  the  high  parts  of  the  adjacent  land. 
The  water  required  for  each  land  is  withdrawn  from  the  head 
ditch  through  a  border  gate.  These  are  usually  made  of  wood. 
Figure  22  shows  the  type  of  border  gate  used  by  F.  K.  Chaplin,  of 
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Holtville,  in  Imperial  Valley.  It  requires  49  feet  b.  m.  of  redwood' 
which,  at  $42  per  thousand,  makes  the  lumber  cost  $2.06.  The 
hardware,  carpentry,  and  setting  increase  the  cost  to  about  $3.25. 
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Fig.  23.— Border  gate  used  near  Sunset  City,  Cal. 


If  it  is  assumed  that  22  gates  are  needed  for  a  40-acre  tract  the  cost 
per  acre  for  the  border  gates  is  $1.79.  A  cheaper  border  gate  is 
shown  in  figure  23,  which  represents  the  kind  used  on  an  alfalfa 


Fio.  24.— Concrete  gate  used  In  Yolo  County,  Cal. 


tract  at  Sunset  City,  Cal.  In  some  localities  concrete  is  being  sub- 
stituted for  wood  and  figure  24  shows  a  border  gate  of  this  material, 
quite  generally  used  for  the  irrigation  of  alfalfa  in  Yolo  County,  Cal. 


Fio.  25.— Supply  ditch  with  bottom  width  of  4  feet 

In  the  check  method  of  irrigation  the  volumes  used  do  not  differ 
materially  from  those  required  to  flood  the  lands  in  the  border 
method,  and  the  feed  ditch  for  the  checks  corresponds  in  size  and 
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capacity  to  that  of  the  head  ditch  for  borders.  Cross  sections  of 
common  forms  of  supply  ditches  are  shown  in  figures  25  and  26. 
The  carrying  capacities  of  these  ditches  under  different  grades  are 
given  in  the  accompanying  table: 

Mean  velocity  emd  discharge  of  ditches  with  different  grades, 

SUPPLY  DITCH,  FIGURE  26. 
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In  flooding  land  from  field  laterals  two  kinds  of  channels  are 
needed.     The  larger  ones  convey  the  water  to  the  highest  comers  of 
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Fio.  26.— Supply  ditch  with  bottom  width  of  6  feet. 


the  fields  and  along  one  or  two  borders  of  each  field;  the  smaller  dis- 
tribute the  water  over  the  field.     In  this  method  of  applying  water 
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FiQ.  27.— "A"  crowder. 


smaller  streams  are  used  than  in  either  the  t^heck  or  border  method. 
Except  on  large  farms  the  stream  seldom  exceeds  3  cubic  feet  per 
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second,  and  is  usually  between  2  and  3  cubic  feet.     On  ordinary 
grades  only  a  small  channel  is  needed  for  this  volume.     Such  chan- 
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Fio.  28.— Adjustable  ''A*'  scraper  or  orowder. 


nels  are  made  by  plowing  first  a  strip  as  wide  as  the  surface  of  the 
ditch  is  to  be  when  full  and  removing  the  loose  dirt  by  one  of  several 


!  • 

Fio.  29.— Latersl  ditch  with  bottom  width  of  14  indifls. 

designs  of  A  crowders,  two  of  which  are  shown  in  figures  27  and  28. 
One  of  the  best  implements  for  making  field  laterals  is  a  14  or  16 


Fio.  30.— Lateral  ditch  with  bottom  width  of  16  inches. 

inch  lister  plow  on  a  sulky  frame.     Figures  29  and  30  show  cross 
sections  of  lateral  ditches  made  in  this  way,  while  figure  31  repre- 


Fio.  31.— Lateral  ditch  with  bottom  width  of  2  feet. 

sents  a  common  type  of  supply  ditch.  The  effect  which  grade  has 
upon  such  channels  is  shown  in  the  accompanying  table,  giving 
discharges  of  these  ditches,  with  various  grades. 
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LATERAL  DITCH,  FIGURE  29. 
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LATERAL  DITCH,  FIGURE  31. 
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THE  SUBIBEIGATIOir  OF  ALFALFA  FIELDS. 

As  a  general  thing,  alfalfa  is  irrigated  from  the  surface  downward 
by  one.  of  the  methods  previously  described.  There  is,  however,  a 
small  percentage  of  alfalfa  lands,  probably  not  more  than  5  per  cent 
of  the  total,  which  is  irrigated  from  below.  Frequently  the  seepage 
water  from  porous,  earthen  ditches  and  the  waste  water  from  irri- 
gated areas  pass  through  the  subsoil  of  lower  fields  sufficiently  near 
the  surface  to  subirrigate  them.  In  other  places  these  seepage 
waters  coDect  at  the  lower  levels  and  raise  the  ground  water  near 
enough  the  surface  to  supply  the  plants  with  the  needed  moisture. 
It  is  questionable  if  alfalfa  growers  should  place  much  dependence  on 
this  mode  of  supplying  moisture  to  the  plant.  What  is  gained  in 
not  having  to  irrigate  is  usually  more  than  lost  in  damage  done  to 
both  soil  and  crop  by  the  rise  of  the  ground  water.  Wherever  alkali 
is  prevalent  the  rise  of  the  ground  water  near  the  surface  is  almost 
certain  to  be  foUowed  by  an  accumulation  of  alkali  on  the  surface. 

373 


36  IKRIGATION   OF  ALFALFA. 

Again,  the  fact  that  alfalfa  fields  subirrigate  is  usually  nature's  way 
of  giving  warning  that  the  ground  water  is  rising  dangerously  near 
the  surface,  and  observations  should  be  made  to  determine  if  the 
level  is  above  the  danger  limit.  One  of  the  best  ways  of  making 
such  determinations  is  by  means  of  bored  test  wells.  These  are 
made  by  boring  holes  (fig.  1,  p.  9)  from  2  to  4  inches  in  diameter 
in  different  parts  of  the  field  and  noting  at  regular  intervals  the 
elevation  of  the  ground  water  in  each.  Where  the  subsoil  is  a  clay 
or  a  clay  loam  no  lining  will  be  necessary  other  than  a  joint  of  drain 
tile  or  a  short  wooden  tube.  Where  the  subsoil  is  loose  it  may  be 
necessary  to  line  the  wells  with  thin  galvanized  iron  or  with  a  wooden 
box.  The  wells  may  be  connected  by  a  line  of  levels,  the  elevations 
being  taken  on  the  tops  of  stakes  driven  beside  the  wells.  These 
well  records,  if  taken  at  weekly  or  even  monthly  intervals,  for  ^veral 
years,  will  show  at  a  glance  not  only  the  position  of  the  ground  water, 
but  also  its  rise  and  fall  throughout  the  seasons.  Whenever  it  is 
found  that  the  water  table  stands  for  any  considerable  time  at  less 
than  4  feet  from  the  surface  there  is  cause  for  alarm,  and  measures 
should  be  taken  to  prevent  such  an  accumulation  of  seepage  waters 
or  to  remove  the  surplus  by  drainage. 

Alfalfa  is  subirrigated  also  from  the  beds  of  streams.  On  bottoms 
the  danger  is  not  so  great,  because  there  is  less  alkali  present  and  the 
height  of  the  ground  water  is  governed  by  the  condition  of  the  stream. 
It  happens  often  that  when  the  water  table  is  at  its  highest  point  the 
alfalfa  plants  are  dormant  or  nearly  so,  and  as  a  result  are  not  so 
readily  injured.  Two  cases  of  successful  subirrigation  from  stream 
channels  are  here  cited  by  way  of  illustration. 

On  the  farm  of  J.  A.  King,  located  on  the  second  bottoms  about  5 
miles  northeast  of  Boulder,  Colo.,  the  water  table  is  10  to  12  feet 
below  the  surface.  An  average  yield  of  alfalfa  of  4  tons  per  acre  has 
been  obtained  for  the  past  nine  consecutive  seasons  from  this  farm 
without  any  perceptible  deterioration.  The  crop  was  irrigated  the 
first  year,  but  after  that  the  roots  had  evidently  reached  water  and 
continued  to  draw  their  supply  from  that  source. 

On  the  Arkansas  River  south  of  Cimarron,  Kans.,  John  Bull  has 
an  alfalfa  field  of  over  50  acres  which  is  subirrigated.  The  water 
table  is  found  at  a  depth  of  6  to  8  feet,  and  the  yield  is  usually  1  ton 
at  each  cutting.  It  is  cut  three  to  five  times  each  season,  and  in 
some  years  one  crop  of  seed  and  two  crops  of  hay  are  raised. 

Throughout  the  arid  region  there  are  a  few  localities  where  sub- 
irrigation  is  quite  generally  practiced.  Perhaps  the  most  notable  of 
these  is  to  be  found  in  the  vicinity  of  the  towns  of  St.  Anthony  and 
Sugar  City,  in  the  upper  Snake  River  Valley  in  Idaho.  This  subirri- 
gated district  comprises  an  area  of  about  60,000  acres.  A  charac- 
teristic of  the  subsoil  of  this  large  area  is  that  it  is  composed  of  sand 
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and  gravel;  sometimes  mixed  with  cobble  rock  to  the  lava  bed  rock, 
which  is  found  at  depths  varying  from  a  few  feet  to  90  feet.  The 
surface  soil  around  St.  Anthony  is  a  dark-colored  gravelly  loam  2 
to  4  feet  deep.  On  the  Egin  Bench  it  is  a  dark  sandy  loam  1.5  to 
5  feet  deep,  while  around  Sugar  City  it  is  a  clay  loam  4  to  6  feet 
deep.  The  land  slopes  to  the  south  and  west  at  the  rate  of  about 
10  feet  to  the  mile. 

At  first  ordinary  ditches  were  built  and  for  years  attempts  were 
made  to  irrigate  the  land  by  the  usual  methods.     These  failed,  how- 
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Fio.  32. — One  hundred  and  twenty-acre  sabirrigated  farm  of  C.  H.  DeCamp,  12  miles  south  of 

St.  Anthony,  Idaho. 

ever,  since  all  the  water  turned  into  the  ditches  soon  sank  into  the 
porous  subsoil  beneath.  In  time  much  of  this  subsoil  filled  up  with 
water,  due  to  an  impervious  lava  bed  rock,  and  the  top  layers  of  soil 
became  moistened  from  below.  This  condition  led  the  farmers  to 
adopt  a  new  method  of  irrigation,  a  type  of  which  is  shown  in  figure 
32.  On  a  farm  of  120  acres,  the  property  of  C.  H.  DeCamp,  located 
12  miles  south  of  St.  Anthony,  Idaho,  the  main  canal  passes  along 
the  north  and  west  boundaries.  From  this  a  supply  ditch  is  run 
which  feeds  the  smaller  laterals.    These  laterals  are  shallow  ditches 
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about  3  feet  wide  and  6  inches  deep  and  divide  the  farm  into  stripe. 
On  the  majority  of  farms  the  laterals  do  not  exceed  1,320  feet  in 
length  and  are  spaced  100  to  300  feet  apart.  On  this  particular  farm 
their  length  is  increased  beyond  the  average  and  their  width  de- 
creased. In  this  mode  of  irrigation  no  water  is  sprestd  over  the  sur- 
face; the  laterals  merely  distribute  15  to  20  miner's  inches  each  to 
different  parts  of  the  field,  where  it  soon  joins  the  ground  water  by 
sinking  through  the  bottoms  of  the  shallow  ditches.  The  land  is 
planted  in  the  early  spring  when  the  ground  water  is  low,  and  then 
water  is  turned  into  the  ditches  and  kept  in  day  and  night  uAtil  the 
ground  water  rises  sujQBciently  near  the  surface  to  supply  the  needed 
moisture  to  the  roots  of  plants.  Thereafter  the  height  of  the  ground 
water  is  regulated  by  the  amount  of  water  turned  into  the  supply 
ditch.  The  rise  and  fall  of  the  ground  water  is  determined  by  means 
of  small  boxes  set  in  the  ground  3  to  5  feet  deep,  as  indicated  by  the 
circles  in  figure  32.  Twenty  to  30  boxes  are  usually  required  for 
each  80-acre  farm.  AU  water  is  turned  out  of  the  main  canal  prior 
to  September  15  to  permit  the  land  to  dry  out  for  the  harvesting  of 
such  crops  as  sugar  beets,  potatoes,  etc.  When  the  crops  are  re- 
moved, a  small  stream  is  left  running  in  the  main  canal  all  winter;  but 
notwithstanding  this  supply,  the  ground  water  usually  falls  from  6 
to  20  feet  below  the  surface  during  the  fall  and  winter  months.  This 
somewhat  novel  method  of  applying  water  has  led  to  the  adoption  of 
a  rotation  of  crops  which  seems  to  suit  both  water  and  soil  condi- 
tions. Alfalfa  does  not  do  well  after  the  third  year.  This  is  chiefly 
due  to  the  height  at  which  the  ground  water  is  kept  during  the 
spring  and  summer  months.  Then,  too,  the  soU  is  lacking  in  humus. 
These  conditions  have  led  the  farmers  to  grow  alfalfa  on  a  tract  for 
two  or  three  years  and  then  to  turn  the  alfalfa  \mder  and  raise  grain^ 
sugar  beets,  and  potatoes  for  the  next  three  years.  Under  this  ro- 
tation the  yields  per  acre  on  well-managed  farms  are  40  to  60  bush- 
els of  wheat,  75  to  110  bushels  of  oats,  50  to  90  bushels  of  barley, 
300  to  500  bushels  of  potatoes,  15  to  20  tons  of  beets,  and  4  to  6  tons 
of  alfalfa.    The  land  sells  for  $100  to  $150  an  acre. 

AKOXnrT  OF  WATEE  REQTTIBED. 

Alfalfa  requires  more  water  than  most  crops.  This  is  readily 
accoimted  for  by  the  character  of  the  plant,  the  rapidity  with  which 
it  grows,  the  number  of  crops  produced  in  one  season,  and  the  heavy 
tonnage  obtained. 

As  a  result  of  careless  practice  there  is  a  lack  of  imiformity  in  the 
quantity  of  water  used,  the  volumes  appUed  frequently  being  far  in 
excess  of  the  needs  of  the  crop.  The  majority  of  the  records  col- 
lected and  published  by  this  Office  show  a  yearly  duty  of  water  for 
alfalfa  ranging  from  2.5  to  4.5  feet  in  depth  over  the  surface,  while 
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IB  quite  a  large  number  of  cased  the  volumes  applied  would  have 
covered  the  area  irrigated  to  depths  of  6  to  15  feet. 

From  the  lai^e  number  of  measurements  made  on  the  duty  of 
water  it  is  possible  to  select  some  that  possess  great  value,  since 
they  indicate  what  can  be  accomplished  with  a  given  quantity  of 
crater. 

During  the  season  of  1904  careful  measurements  were  made  by 
C.  E.  Tait;  of  this  Office,  of  the  amoimt  of  water  used  on  alfalfa  fields 
in  the  vicinity  of  Pomona,  Cal.  The  rainfall  at  Pomona  for  the 
winter  of  1903-4  was  much  below  the  normal  and  amoimted  to  about 
9.1  inches.*  The  quantity  of  irrigation  water  applied  by  pumping 
averaged  2.3  feet  in  depth  and  the  yield  of  cured  hay  averaged  from 
1  to  1.5  tons  per  acre  per  crop,  five  or  six  crops  being  common. 
These  figures  are  corroborated  by  many  others  collected  in  southern 
CaUf  omia.  Perhaps  in  no  other  locaUty  of  the  arid  region  is  a  greater 
tonnage  of  alfalfa  obtained,  yet  in  a  climate  of  scanty  rainfall  having 
a  long,  dry,  hot  summer  only  a  comparatively  small  amount  of  water 
is  used.  About  a  third  of  the  9,000  acres  irrigated  by  the  Riverside 
Water  Company  is  in  alfalfa  and  for  the  past  seven  years  the  average 
depth  appUed  has  been  2.31  feet,  while  the  depth  of  rainfall  and  irri- 
gation water  combined  has  averaged  3.18  feet. 

In  1903  the  writer,  when  director  of  the  Montana  Experiment 
Station,  apphed  different  depths  of  water  to  seven  plats  of  alfalfa 
with  the  results  given  in  the  following  table.  It  will  be  seen  that  a 
high  tonnage  for  so  short  a  season  as  prevails  in  Montana  was  obtained 
from  plat  5  with  the  use  of  2  feet  of  water.  By  irrigating  plat  6 
seven  times,  and  plat  7  eight  times,  it  was  possible  to  increase  the 
yield  to  the  amounts  stated.  The  results  of  this  experiment  seem  to 
confirm  the  best  practice  of  southern  California,  which  may  be 
summed  up  by  stating  that  in  locaUties  having  an  annual  rainfall  of 
about  12  inches  remarkably  heavy  yields  of  alfalfa  may  be  obtained 
from  the  use  of  24  to  30  inches  of  irrigation  water,  providing  it  is 
properly  applied. 

Qtumtities  of  water  applied  to  alfalfa  and  yields  secvredj  Montana  Experiment  Statwn, 


Plat 
number. 

D^thof 
iRlgatloii. 

Depth  of 

Total 
deptb. 

Yield  per 
acre  of 
cored 
alfnlfa. 

1 
2 
8 
4 
5 
6 
7 

FeeL 
0.5 

None. 
1.0 
1.5 
2.0 
2.5 
3.0 

FeeL 
0.70 
.70 
.70 
.70 
.70 
.70 
.70 

FeeL 
1.20 
.70 
1.70 
2.20 
2.70 
8.20 
8.70 

Tone. 
4.61 
1.06 
4.42 
8,75 
6.35 
7.20 
7.68 

>U.  8.  Dept.  Agr.,  Weather  Bureaa,  Climate  and  Crop  Serrioe,  California,  Ann.  Sams.,  1003  and  1904^ 
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THE  FROPEE  TDEE  TO  IBSIGATE  ALFALFA. 

The  general  appearance,  and  more  particularly  the  color  of  the 
plant;  are  the  best  guides,  perhaps,  as  to  when  water  is  needed. 
When  healthy  and  vigorous,  alfalfa  is  of  a  light-green  color;  but 
when  the  supply  of  moisture  is  insujfficient  the  leaves  take  on  a  darker 
and  duller  shade  of  green  and  begin  to  droop,  and  unless  water  k 
provided  both  stems  and  leaves  wither  and  die.  Another  test  is  to 
remove  a  handful  of  soil  6  inches  or  so  beneath  the  surface  and  com- 
press it  in  the  hand.  If  it  retains  its  ball-like  shape  after  the  pressore 
has  been  removed  and  shows  the  imprints  of  the  fingers,  the  soil  is 
sufficiently  moist,  but  if  it  falls  apart  readily  it  is  too  dry.  In  con- 
nection with  such  tests  it  is  well  to  bear  in  mind  that  they  are  more 
or  less  influenced  by  both  soil  and  climate.  It  is  therefore  necessaiy 
to  observe  the  growth  of  the  plant  closely  on  all  new  alfalfa  fields  to 
determine  if  possible  how  far  such  tests  may  be  reUed  upon,  the  chief 
object  being  to  maintain  at  all  times  as  nearly  as  practicable  the 
proper  amoimt  of  moisture  in  the  soil  surrounding  the  roots  of  the 
plants  to  prevent  a  checking  of  their  growth. 

Alfalfa  commonly  receives  careless  treatment  at  the  hands  of 
western  irrigators.  When  water  is  available  and  is  not  needed  for 
other  crops  it  is  usually  turned  on  the  alfalfa  fields  or  meadows 
whether  these  need  it  or  not.  There  is  no  question  that  yields  of 
alfalfa  might  be  considerably  increased  if  more  care  was  used  in 
finding  out  when  to  apply  water.  In  each  kind  of  soil  and  under  any 
given  set  of  climatic  conditions  there  is  a  certain  percentage  of  soil 
moisture  which  will  give  the  best  results.  Under  the  present  unskillful 
practice  it  is  impossible  to  maintain  imiform  soil-moisture  conditions 
for  any  length  of  time.  The  soil  is  apt  to  receive  too  much  or  too 
Uttle  water,  or  else  it  is  deluged  with  cold  water  at  a  time  when  it 
needs  only  heat  and  air.  The  niunber  of  irrigations  required  depends 
upon  the  depth  and  nature  of  the  soil,  the  depth  to  ground  water,  the 
niunber  of  cuttings,  and  the  rainfall,  temperature,  and  wind  move- 
ment. Other  things  being  equal,  more  frequent  waterings  are  re- 
quired in  the  warm  sections  of  the  South  than  in  the  cooler  portions 
of  the  North.  The  niunber  of  irrigations  per  year  for  alfalfa  ranges 
from  4  in  Montana  and  Wyoming  to  as  many  as  12  in  parts  of  Cali- 
fornia and  Arizona.  In  localities  where  water  is  scarce  during  part 
of  the  season  the  number  of  waterings  as  well  as  the  amount  used 
each  time  depends  on  the  available  supply.  It  is  a  common  practice 
to  apply  frequent  and  heavy  irrigations  in  spring  when  water  is 
abundant  and  to  water  less  often  and  more  sparingly  when  the  supply 
is  low. 
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WnrTEB  ntSIGATIOV  OF  ALFALFA. 

When  water  is  applied  either  to  bare  soil  or  to  crops  outside  of  the 
regular  irrigation  season  it  is  termed  winter  irrigation.  The  practice 
thus  far  has  been  confined  lai^ely  to  the  warmer  parts  of  the  arid 
region.  It  has  become  well  established  in  Arizona  and  California  and 
is  being  quite  rapidly  extended  to  parts  of  Oregon,  Kansas,  and  the 
Kocky  Mountain  States. 

Experience  has  shown  that  a  deep  retentive  soil  is  capable  of 
storing  a  large  quantity  of  water.  On  account  of  the  fluctuation  of 
^western  streams  of  all  kinds,  from  the  small  creek  to  the  large  river, 
the  greatest  flow  of  water  often  comes  at  a  season  when  there  is  least 
demand  for  it.  In  a  few  locaUties  adequate  storage  faciUties  have 
been  provided  to  retain  the  surplus,  but  as  a  rule  it  is  allowed  to  go  to 
waste.  The  passage  of  so  much  waste  water  led  to  the  introduction 
of  winter  irrigation  and  in  nearly  every  case  the  results  have  been 
satisfactory.  The  chief  differences  between  winter  and  ordinary 
irrigations  are  the  larger  volumes  used,  the  crude  manner  of  conveying 
and  applying  the  water,  and  the  dormant  or  partially  dormant  con- 
dition of  the  plants  at  the  time  of  irrigation. 

In  Fresno  Coimty,  Cal.,  water  is  turned  into  the  canals  in  January 
and  February.  The  lai^e  canals  of  the  Modesto  and  Turlock  districts 
run  more  than  half  a  head  during  the  latter  half  of  February.  This 
is  the  rainy  period  in  both  these  locaUties  and  the  soil  is  usually  too 
wet  for  plant  growth,  but  water  is  applied  to  alfalfa  fields  to  fill  up 
the  subsoil  so  as  to  provide  a  surplus  for  the  rainless  simuner  when 
water  is  scarce. 

Besides  furnishing  a  supply  of  much-needed  moisture,  winter 
irrigation,  when  conditions  are  favorable,  prevents  winterkilling  and 
improves  the  mechanical  condition  of  the  soil. 

WIHTEBKILLnrG  OF  ALFALFA. 

The  winterkiUing  of  alfalfa  is  confined  chiefly  to  the  colder  and 
more  elevated  portions  of  the  Rocky  Mountain  region  and  to  the 
northern  belt  of  himiid  States.  Damage  from  cold  is  rare  in  Arizona 
and  in  California  it  is  confined  to  young  plants.  In  both  the  Sacra- 
mento and  San  Joaquin  valleys  of  the  latter  State  the  seed  is  frequently 
sown  in  midwinter  and  the  slight  frosts  which  occur  occasionally  in 
December  and  January  in  both  these  valleys  are  severe  enough  to 
kill  very  young  plants.  The  belief  is  conmion  that  the  plants  are 
safe  after  they  have  put  forth  their  third  leaf. 

In  the  colder  portions  of  Montana,  Wyoming,  Colorado,  Utah,  and 
the  Dakotas  alfalfa  is  apparently  winterkilled  from  a  variety  of  causes 
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and  sometimes  from  a  combination  of  causes.  The  percentage  of  loss 
aroimd  Greeley,  Colo.,  has  been  placed  at  2  per  cent  per  annum.  In 
this  locality  and  throughout  the  Cache  la  Poudre  Valley  in  northern 
Colorado  most  of  the  winterkilling  is  done  in  open,  dry  winters  arid 
is  quite  generally  attributed  to  a  scarcity  of  moisture  in  the  soil.  In 
the  winter  of  1907  considerable  damage  was  done  to  the  alfalfa  fields 
aroimd  Loveland,  Colo.,  on  accoimt  of  the  long  dry  spell  in  midwinter. 
The  old  alfalfa  fields  suffered  most.  It  was  the  opinion  of  the  farmers 
that  a  late  fall  irrigation  would  have  prevented  the  loss. 

Near  Wheatland,  Wyo.,  the  higher  portions  of  the  fields  suffer  most 
damage  in  winter,  and  here  also  the  cause  is  said  to  be  lack  of  moisture 
in  the  soil,  combined  with  the  effects  produced  by  cold  and  wind. 

At  Choteau,  in  northern  Montana,  a  farmer  watered,  late  in  the 
fall,  part  of  an  alfalfa  field  which  was  2  years  old,  and  it  winterkilled, 
while  the  unwatered  portion  escaped  injury.  This  and  other  evi- 
dence along  the  same  line  which  might  be  given  go  far  to  demonstrate 
that  under  some  conditions  too  much  moisture  is  as  detrimental 
as  too  little. 

Probably  the  chief  cause  of  the  winterkilling  of  alfalfa  is  alternate 
freezing  and  thawing.  The  damage  from  this  cause  is  greatly  increased 
when  any  water  is  left  standing  on  the  surface.  A  blanket  of  snow 
is  a  protection,  but  when  a  thin  sheet  of  ice  forms  over  portions  of 
a  field  the  result  is  usually  fatal  to  plants.  The  bad  effects  of  alter- 
nate freezing  and  thawing  on  alfalfa  may  be  observed  at  the  edge  of 
a  snow  bank.  This  crop  is  likewise  injured  by  the  rupture  of  the 
tap  roots  caused  by  the  heaving  of  the  soil. 

From  present  knowledge  of  the  subject,  the  means  which  may  be 
used  to  protect  alfalfa  fields  from  winterkilling  may  be  summed  up 
as  follows:  Where  both  the  soil  and  the  air  are  dry  the  plant  should 
be  supplied  with  sufficient  water  for  evaporation,  but  the  land 
should  be  drained  so  thoroughly  that  none  of  the  top  soil  is  saturated; 
a  late  growth  should  not  be  forced  by  heavy  irrigations  late  in  the 
growing  season;  if  the  soil  is  dry,  irrigate  after  the  plants  have 
stopped  growing;  and  the  latest  growth  should  be  permitted  to 
remain  on  the  groimd,  unpastured,  as  a  protection. 

It  may  be  stated  in  conclusion  that  the  loss  to  the  farmer  from  the 
winterkilling  of  alfalfa  is  not  as  great  as  might  appear  at  first.  The 
damage  is  done  in  winter,  and  there  is  ample  time  to  plow  the  plants 
under  and  secure  another  crop,  which  is  usually  heavy,  owing  to  the 
amoimt  of  fertilizers  added  by  the  roots  of  alfalfa.  The  Montana 
farmer  who  increased  his  average  yield  of  oats  from  50  to  103  bushels 
per  acre  by  plowiog  under  winterkilled  alfalfa  illustrated  this  point. 
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SEEDDTG  ALFALFA  OV  LAND  TO  BE  DtSIGATED. 

In  Utah  the  most  common  practice  now  is  to  sow  alfalfa  without 
a  nurse  crop.     From  12  to  18  poimds  of  Utah-grown  seed  is  put  in 
with  a  6-inch  press  drill  to  a  depth  of  J  to  IJ  inches  during  the 
first  half  of  April.     Irrigation  before  seeding  is  not  necessary,  as 
the  soil  is  usually  moist  and  contains  sufficient  moisture  to  support 
the  plants  \mtil  they  attain  a  height  of  6  to  10  inches.    At  this 
stage  the  alfalfa  and  the  weeds  are  cut  about  4  inches  above  the 
surface,  the  cutter  bar  of  the  mower  being  raised  for  that  purpose, 
and  the  cuttings  are  left  on  the  groxmd.     Water  is  kept  off  after 
cutting  until  the  crop  begins  to  suffer.     It  is  beUeved  that  when 
young  plants  lack  moisture  they  will  strike  their  taproots  deeper 
into  the  soil  in  quest  of  water,  and  in  this  way  develop  a  better  root 
system  than  they  would  under  frequent  and  copious  irrigations. 
When  alfalfa  is  sown  with  a  nurse  crop,  oats  is  preferred.     From 
10  to  15  pounds  of  alfalfa  seed  is  sown  with  3  pecks  to  1  bushel  of  oats. 
In  the  upper  Snake  River  Valley,  in  Idaho,  alfalfa  is  usually  pre- 
ceded by  a  grain  crop.    The  stubble  is  plowed  6  to  9  inches  deep  in 
the  fall,  and  early  in  the  spring  it  is  double-disked,  harrowed,  and 
smoothed.    From  8  to  20  pounds  of  seed  is  then  drilled  in  0.75  inch 
to  1.5  inches  deep  in  rows  6  inches  apart.     When  oats  is  used  as  a 
nurse  crop  it  is  seeded  first,  80  to  100  poimds  per  acre  being  used. 
From  8  to  12  pounds  of  alfalfa  seed  are  then  drilled  in,  in  the  opposite 
direction.    Some  farmers  use  a  combination  drill  which  seeds  both 
at  the  same  time.    When  no  nurse  crop  is  used  the  alfalfa  plants  are 
chpped  when  they  reach  a  height  of  8  to  12  inches.    This  is  neces- 
sary to  hold  the  weeds  in  check  and  to  cause  the  plants  to  stool. 

In  the  Yakima  Valley,  March  and  April  are  preferred  for  seeding 
alfalfa,  both  on  account  of  the  climate  and  the  abundant  water  supply 
of  that  period.  The  ground  is  plowed  deep,  graded,  smoothed,  and 
harrowed.  From  10  to  20  pounds  of  seed  are  then  put  in  with  a 
broadcast  seeder  and  harrowed  lightly.  The  furrows  are  then  marked 
off  and  irrigation  begins.  The  ground  is  kept  moist  constantly  until 
the  yoimg  plants  are  fairly  well  established.  The  use  of  so  much 
water  at  the  start  is  due  largely  to  the  tendency  of  the  soil  to  bake 
if  allowed  to  become  dry. 

The  alfalfa  growers  of  Montana  are  about  equally  divided  in  opinion 
as  to  the  advantages  of  using  a  nurse  crop.  Those  who  seed  grain 
with  alfalfa  claim  that  they  get  more  out  of  the  land  the  first  season, 
while  those  who  are  opposed  to  this  practice  believe  that  the  injury 
done  to  the  alfalfa  plants  by  the  grain  crop  extends  through  several 
years  and  that  the  small  gain  of  the  first  year  is  more  than  offset  by 
the  lessened  yields  of  alfalfa  in  subsequent  years. 
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In  northern  Colorado,  rotation  of  crops  is  practiced  and  alfalfa 
seed  is  sown  with  a  nurse  crop,  usually  wheat  or  barley.  The  seed 
is  drilled  early  in  the  spring  with  a  common  force-feed  press  drill 
equipped  with  an  auxiliary  seed  box  for  alfalfa  seed,  which  is  scattered 
broadcast  between  the  grain  rows  and  covered  by  the  disk  wheels 
of  the  press  drill.  From  12  to  20  poimds  of  alfalfa  seed  are  sown. 
Irrigation  before  seeding  is  not  practiced.  There  is,  as  a  rule,  suffi- 
cient rainfall  to  furnish  both  crops  with  moisture  until  the  grain  is 
ready  to  head  out  and  the  alfalfa  is  4  to  6  inches  high,  when  the 
field  is  irrigated. 

At  Wheatland,  Wyo.,  various  methods  of  seeding  alfalfa  are  in  use, 
but  the  one  which  gives  the  best  results  may  be  described  as  follows: 
Drill  in  1  bushel  of  b&,rley  to  the  acre;  then  in  a  week  or  ten  days 
cross  drill  the  field,  sowing  12  to  15  poimds  of  alfalfa,  setting  the 
press  drill  so  that  the  seed  will  be  covered  0.75  inch  to  1.5  inches  deep. 

In  Yuma  and  other  valleys  of  Arizona,  October  planting  is  preferred. 
Frequently  in  this  dry  climate  the  land  is  irrigated  before  being 
seeded.  It  is  cultivated,  then  seeded  and  harrowed.  In  the  dry- 
planting  method  the  seed  is  sown  broadcast  on  the  dry  soil,  harrowed 
lightly  with  a  brush  drag,  and  then  irrigated.  A  second  irrigation  is 
necessary  in  about  eight  days  to  break  the  surface  crust. 

In  California  the  treatment  given  to  alfalfa  in  the  first  stage  of  its 
growth  varies  somewhat  with  the  locaUty;  in  Kern  Coimty  the  seed 
is  sown  from  December  to  April,  inclusive,  with  a  preference  for 
February  and  March  seeding.  If  the  soil  is  dry  it  is  first  irrigated. 
In  the  Modesto  and  Turlock  districts  more  or  less  seeding  is  done 
throughout  the  winter  months,  but  the  greater  part  is  seeded  in 
March  and  April,  just  before  the  dry  season  begins.  From  30  to  40 
acres  can  be  seeded  in  a  day  with  a  hand-broadcasting  machine  if  the 
operator  sits  in  the  back  of  a  wagon  which  is  driven  over  the  field. 
Eighteen  poimds  of  seed  to  the  acre  is  the  average  amount  sown. 

BISE  OF  GBOXnn)  WATEE  AND  ITS  EFFECTS  OV  ALFALFA. 

In  their  natural  state  the  typical  soils  of  the  arid  region  are  char- 
acterized by  the  depth  to  water  and  their  looseness  and  dryness. 
The  diversion  and  use  of  large  quantities  of  water  in  irrigation  soon 
change  some  of  these  natural  conditions.  A  part  of  the  flow  in 
earthen  channels  escapes  by  seepage  and  still  larger  quantities  perco- 
late into  the  subsoil  from  heavy  surface  irrigations.  The  waste  water 
from  these  and  other  sources  collects  in  time  at  the  lower  levels  and 
raises  the  ground-water  level.  This  rise  is  usually  noticed  first  in 
wells,  a  permanent  rise  of  5  feet  in  a  year  beiog  not  uncommon. 

This  rise  of  the  ground  water  is  an  advantage,  provided  the  water 
table  does  not  rise  too  high.    It  lessens  greatly  the  cost  of  sinking 
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wells^  less  water  is  needed  in  irrigation;  and  it  furnishes  a  reservoir 
from  which  water  can  be  pumped  to  supply  other  lands. 

It  is  not  until  the  water  level  encroaches  upon  the  feeding  zone  of 
valuable  plants  that  its  injmious  effects  are  felt  by  the  farmer.  Its 
near  approach  to  the  surface  may  prove  so  disastrous  that  its  up- 
ward trend  should  be  noted  with  the  greatest  care.  Perhaps  the  best 
means  of  providing  for  such  observations  is  the  use  of  test  wells,  re- 
ferred to  on  page  36. 

There  is  some  difference  of  opinion  as  to  what  depth  below  the 
siu*face  marks  the  danger  line  for  alfalfa.  It  has  been  shown  by 
Doctor  Lioughridge,  of  the  University  of  California,  and  by  other  soil 
physicists  that  water  may  be  withdrawn  by  capillarity  from  soils  to 
depths  varying  from  4  to  nearly  5  feet,  depending  on  the  character  of 
the  soil.  This  fact  has  an  important  bearing  on  the  subject,  because 
when  the  ground  water  is  brought  to  the  surface  and  .evaporated  the 
salts  held  in  solution  are  deposited  at  or  near  the  siurface.  If  these 
salts  contain  much  sodium  sulphate,  or  even  sodiimi  chlorid,  all  of 
which  are  usually  grouped  imder  the  common  term  alkaU,  the  crust 
formed  by  them  will  in  time  destroy  the  alfalfa.  It  may  be  stated, 
therefore,  that  when  alkali  is  present  in  harmful  quantities  in  the 
ground  water  it  should  not  be  allowed  to  rise  nearer  than  4  feet 
below  the  surface. 

The  percentage  of  harmful  salts  in  the  groimd  water  is  usually  de- 
termined by  the  chemist  of  the  nearest  agricultural  experiment  sta- 
tion, but  when  an  acciurate  test  can  not  be  made  in  the  laboratory 
the  farmer  may  make  a  practical  test  in  the  following  manner,  in 
accordance  with  a  suggestion  made  by  A.  T.  Sweet,  of  the  Bureau  of 
Soils  of  this  Department: 

Take  three  pots  containing  equal  amoimts  of  soil  and  plant  the 
same  number  of  grains  of  wheat  in  each.  Water  each  pot  with  equal 
quantities  of  water.  In  No.  1  apply  fresh  water,  in  No.  3  ground 
water,  and  in  No.  2  an  equal  amoimt  of  each  kind.  The  injury,  if 
any,  caused  by  the  groimd  water  will  be  indicated  by  the  longer  time 
required  for  the  plants  to  appear  above  the  surface,  the  smaller  niun- 
ber  of  plants  to  germinate,  and  their  general  appearance. 

In  soils  free  from  alkali  but  saturated  with  water  there  is  not  the 
same  necessity  for  holding  the  groimd  water  continuously  below  a 
so-called  danger  line.  In  parts  of  Kern  County,  CaL,  the  groimd 
water  sinks  to  8  feet  below  the  surface  of  alfalfa  fields  in  summer,  but 
rises  to  within  1.6  feet  of  the  surface  in  winter.  There  is  no  indication 
of  root  rot  and  the  plants  have  retained  their  full  vigor.  Numerous 
cases  might  be  cited  to  show  that  the  rise  of  water  to  within  a  foot  or 
two  of  the  surface  for  comparatively  short  periods  of  time  does  Uttle 
injury  to  the  plants.  On  the  other  hand,  wherever  water  stands  con- 
tinuously during  the  irrigation  season  within  a  few  feet  of  the  surface 
it  is  pretty  certain  to  kill  alfalfa  in  three  years  or  less. 
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THE  nrJTTSIOTJS  EFFECT  OF  SILT  OS  ALFALFA  AND  THE  BEHE- 

FITS  TO  BE  DEBITED  FBOM  DISEDTO. 

The  silt-laden  waters  of  the  rivers  of  the  Southwest  during  periods 
of  high  water  in  time  form  a  crust  over  the  surface  of  irrigated  alfalfa 
fields.  The  soil  formed  by  such  rivers  is  natiurally  impervious,  and 
when  a  coating  of  fine  sediment  is  deposited  aroimd  the  plants  the 
effect  is  injurious,  particularly  to  yoimg  plants,  which  may  be  killed 
as  a  result,  notwithstanding  the  fertilizing  value  of  the  silt.  In 
irrigating  with  water  carrying  much  silt  the  larger  and  heavier 
particles  are  deposited  in  the  channels  which  convey  the  water  from 
the  streams,  while  the  finer  and  lighter  particles  are  carried  to  the  : 

fields.    These  fine  particles  cement  together  and  form  so  hard  a  i 

crust  when  dry  as  to  exclude  both  air  and  moisture  from  the  soil. 

Engineers  may  in  time  devise  a  practical  remedy  for  this  evil  by 
building  settlihg  basins  and  storage  reservoirs,  but  at  present  the 
tendency  of  many  officers  of  canal  companies  is  to  increase  the 
grade  of  the  channels  so  as  to  carry  the  greater  part  of  the  silt  to 
the  fields.  This  does  not  solve  the  problem;  it  merely  shifts  the 
burden  to  the  water  users.  To  such,  disking  the  surface  at  the 
proper  time  has  proved  the  most  efficient  remedy.  An  effort  is 
made  to  secure  well  water  or  clear  ditch  water  while  the  alfalfa  is 
young  and  later  to  coimteract  the  bad  effects  of  muddy  water  by 
the  free  use  of  the  disk.  , 

Disking  alfalfa  is  quite  generally  practiced  now  throughout  the 
West.  It  is  generally  done  in  the  spring  as  soon  as  the  groimd  is 
hard  and  firm  and  before  the  growth  has  started.  When  a  field  is 
disked  a  second  time  in  the  same  season  it  is  done  when  the  stubble  I 

is  short,  just  after  the  removal  of  the  crop.    The  disks  shoiild  be  , 

set  nearly  straight,  so  as  to  stir  but  not  overturn  the  soil.     The  i 

spring-tooth  harrow  is  used  also,  but  its  tendency  is  to  tear  up  the 
ground  too  much.  Perhaps  the  best  implement  for  this  purpose  is 
the  spike  disk  harrow  or  alfalfa  renovator,  as  it  is  sometimes  called, 
in  which  spiked  wheels  are  substituted  for  the  ordinary  concave 
disks. 

Disking  not  only  breaks  up  the  impervious  layers  formed  by 
muddy  water,  but  it  sphts  the  old  root  crowns,  thickens  the  stand, 
destroys  weeds,  checks  evaporation,  and  mixes  the  dead  leaves  of 
previous  crops  with  the  top  layer  of  soil. 

PAStTTBnra  ibbioated  alfalfa. 

Only  a  small  part  of  the  total  acreage  in  alfalfa  is  pastured  through- 
out any  one  season,  but  a  large  part  is  pastiured  during  short  periods, 
usually  in  the  fall.    Since  the  plants  are  easily  injiured  and  killed 
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by  stock  when  the  ground  is  wet  and  soft,  stock  should  be  kept  oflf 
for  a  tune  after  irrigation.  On  this  account  it  is  a  good  plan  to  have 
the  pastures  fenced  into  three  equal  parts  and  pasture  but  one  at  a 
time.  The  inclosures  should  be  alternately  pastured,  irrigated,  and 
the  stand  allowed  to  reach  a  height  of  8  inches  or  so  before  stock  is 
turned  in  again. 

FRODXrCTIOV  OF  ALFALFA  SEED  XnTDEE  DtSIGATIOV. 

The  lai^e  area  which  is  seeded  to  alfalfa  each  year  creates  a  demand 
for  alfalfa  seed.  Qood  seed  is  grown  now  in  every  irrigated  State 
in  the  West,  and  the  contention  that  it  can  not  be  produced  success- 
fully imder  irrigation  is  imfoimded.  The  use  of  too  much  water  is 
doubtless  the  cause  of  many  f  ailiures.  Any  one  of  the  crops  may  be 
saved  for  seed,  but  it  requires  about  twice  as  long  to  produce  a  seed 
crop  as  it  does  a  hay  crop,  owing  to  the  extra  length  of  time  required 
for  the  seed  to  ripen,  and  the  diflPerent  crops  do  not  yield  equally  well. 
The  more  general  custom  is  to  save  the  second  crop  for  seed,  and 
where  this  is  done  it  is  recommended  that  the  first  crop  be  irrigated 
as  usual  for  hay,  and  that  water  should  be  appUed  very  sparingly, 
if  at  all,  to  the  seed  crop.  Where  the  same  amount  of  water  is  used 
as  for  hay  the  growth  is  rank  and  rapid,  and  hay  rather  than  seed  is 
produced. 

FaOFTTS  TO  THE  IREIOATOB. 

The  feeding  value  of  alfalfa  is  so  high  that  the  greatest  profits  can 
be  obtained  usually  by  feeding  it  to  farm  animals.  When  sold  in  the 
stack  the  net  profits  vary  between  somewhat  wide  limits.  From 
the  three  tabulated  statements  which  follow  some  idea  may  be 
given  of  the  profits  to  the  grower  under  skillful  practice. 

Profits  from  alfalfa  growing, 

Yakima  Valley,  Wash. : 

Annual  cost  of  water  per  acre $L  50 

Cleaning  and  repairing  farm  ditchee 50 

Annual  taxes ' 75 

Cost  of  appl}ring  water  during  the  season 3. 50 

Cost  of  harvesting  and  marketing,  7  tons  at  $2 14. 00 

Annual  depreciation  of  hay  tools,  irrigation  struc- 
tures, etc 1. 00 

$21. 25 

Average  yield  of  7  tons,  at  |7 49.00 

Annual  profit  per  acre 27.75 

Annual  interest  on  investment  22.2  per  cent,  on  a  basis  of  land  and 
water  right  valued  at  $125  per  acre. 
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Parma  and  Roswell  districts,  Idaho: 

Annual  cost  of  water  per  acre 10.50 

Gleaning  and  repairing  farm  ditches 40 

Annual  taxes 60 

Cost  of  applying  water  during  season L  50 

Cost  of  harvesting  and  marketing,  7  tons  at  $1.75 12. 25 

Annual  depreciation  of  hay  tools,  irrigation  struc- 
tures, etc 1. 00 

$16.  25 

Average  yield  of  7  tons,  at  $5  per  ton 35. 00 

Annual  profit  per  acre 18.  75 

Annual  interest  on  investment  18.75  p^  cent,  hased  on  land  and  water 
right  valued  at  |100  per  acre. 

San  Joaquin  Valley,  Cal. : 

Annual  cost  of  water  per  acre |1. 90 

Annual  cost  of  applying  water  per  acre 2. 20 

Cleaning  and  repairing  fBim  ditches 50 

Annual  taxes LOO 

Cost  of  harvesting  and  marketing,  7  tonsat  |2  per  ton.  14. 00 

Annual  depreciation  of  hay  tools,  irrigation  structures, 

etc LOO 

$20.60 

Average  annual  yield  of  7  tons,  at  $7  per  ton 49.00 

Annual  profit  per  acre 28. 40 

Annual  interest  on  investment  16.2  per  cent,  based  on  land  and  water 
right  valued  at  $175  per  acre. 


[A  list  giving  the  titles  of  all  Fanners'  Bulletins  available  for  distribution  will  be 
sent  free  upon  application  to  a  Member  of  Congress  or  the  Secretary  of  Agriculture.] 
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Experiment  Station  W<ffk  is  a  subeeriee  of  brief  popular  bulletins  compiled  from  the 
published  reports  of  the  agiictdtural  experiment  stations  and  kindred  institutions  in 
this  and  other  countries.  The  chief  objects  of  these  publications  is  to  disseminate 
tlirougbput  the  country  information  regarding  experiments  at  the  different  experiment 
stations,  and  thus  to  acquaint  farmers  in  a  general  way  with  the  progress  of  agricultural 
investigation  on  its  practical  side.  The  results  herein  reported  diould  for  the  most 
I>art  be  regarded  as  tentative  and  suggestive  rather  than  conclusive.  Further  experi- 
ments may  modify  theiA,  and  experience  alone  can  show  how  far  they  will  be  useful 
in  actual  practice.  The  work  of  the  stations  must  not  be  depended  upon  to  produce 
''rules  for  farming.''  How  to  apply  the  results  of  experiments  to  his  own  conditions 
will  ever  remain  the  problem  of  the  individual  farmer. — A.  0.  True,  Director,  Office 
of  Experiment  Stations. 
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A  study  of  the  influence  of  the  moculating  soil  in  the  experimestB 
for  1907  revealed  that  of  36  check  plats  10  produced  a  successful 
yield  of  hay,  while  among  an  equal  number  of  adjoining  inoculated 
plats  18  gave  successful  yields.  The  influence  of  the  inoculation  was 
not  limited  to  the  fields  which  were  changed  from  a  failure  to  a 
success,  but  was  noticeable  on  practically  all  fields  except  where  the 
proper  bacteria  were  already  present  in  sufficient  numbers.  In  a 
summary  of  the  results  for  the  three  years  it  is  shown  that  of  103 
experimental  fields  only  25  yielded  a  successful  crop  of  alfalfa  with- 
out the  use  of  inoculating  soil,  while  of  the  adjoining  plats  to  which 
inoculating  soil  had  been  applied  66  gave  successful  yields.  The 
nimiber  of  successful  fields  is  here  increased  by  40  per  cent  as  appar- 
ently due  to  the  use  of  inoculating  soil. 

The  results  with  reference  to  lime  in  1907  showed  that  in  10  of  37 
experiments  profitable  crops  of  hay  were  secured  without  its  use, 
while  of  the  adjoining  plats  treated  with  lime  18  produced  profitable 
crops.  Lime  quite  generally  improved  the  yield.  Taking  the  three 
seasons  together,  an  improvement  resulted  in  54  of  64  fields  under 
test.  Only  1 1  of  the  unlimed  plats  gave  profitable  results,  while  27 
of  the  adjoining  plats  treated  with  lime  produced  successful  crops. 
In  these  64  tests  the  use  of  lime  by  itself  increased  the  number  of 
successful  fields  by  25  per  cent,  and  all  the  fields  giving  good  yields 
without  lime  were  improved  by  its  use.  In  no  case  did  this  moder- 
ate application  of  lime  show  any  detrimental  effects.  YPliile  these 
results  establish  the  principle  that  liming  is  generally  profitable 
with  alfalfa  in  New  York,  they  do  not  solve  the  problem  as  to  the 
most  profitable  quantity  of  lime  to  use;  and  as  this  varies  for  different 
fields,  it  must  be  worked  out  for  each  field  by  the  farmer  himself. 
Tests  with  Utmus  paper  to  determine  whether  or  not  a  soil  needs 
lime  seemed  to  indicate  that  little  information  of  value  can  be  gained 
from  this  method. 

Reliable  data  on  the  combined  action  of  inoculation  and  lime 
were  secured  from  65  experiments.  In  this  series  only  12  of  the 
imtreated  check  plats  produced  a  satisfactory  crop  of  alfeJfa,  while 
of  the  adjoining  plats,  inoculated  and  limed,  50  were  a  success. 
The  combined  treatment  had  increased  the  chances  of  success  from 
18  per  cent  on  the  check  plats  to  77  per  cent  on  the  treated  plats, 
or  an  increase  of  59  per  cent  as  apparently  due  to  the  treiUunent. 

These  experiments  were  generally  conducted  on  land  well  drained, 
fairly  fertile,  and  quite  clean.  The  seed  used  was  previously  ex- 
amined for  dodder,  trefoil,  and  other  injurious  weed  seeds.  It  is 
concluded  from  the  results  that  imder  these  conditions  the  natural 
lack  of  inoculation  and  of  lime  is  largely  responsible  for  the  difficulty 
experienced  in  obtaining  a  satisfactory  stand  of  alfalfa  in  different 
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parts  of  the  State.  The  lack  of  lime  was  very  general,  practically 
all  fields  responding  to  its  application,  but  the  lack  of  the  proper 
bacteria  was  more  often  the  controlling  factor,  since  inoculation 
changed  more  than  twice  as  many  fields  from  failure  to  success  as 
did  the  use  of  lime. 

Attention  is  called  to  the  fact  that  when  land  is  already  sufficiently 
provided  with  the  required  bacteria,  inoculation  is  without  any 
apparent  effect  upon  the  crop  and  that  when  sufficient  inoculation  is 
lacking  the  use  of  150  to  300  poimds  per  acre  of  soil  from  an  alfalfa 
field  producing  plants  with  nodules  will  supply  the  necessary  bac- 
teria. Inoculation  and  lime  are  effective  only  in  so  far  as  they  are 
needed  and  are  capable  of  doing  Uttle  in  producing  a  good  stand 
and  a  profitable  yield  if  other  necessary  conditions  such  as  proper 
drainage,  sufficient  fertility,  a  clean  soil,  adequate  tillage,  and  good 
seed  are  not  provided. 

Briefly  smnmarizing  the  results  it  is  found  that  without  either 
lime  or  inoculation  the  chance  of  a  successful  crop  is  not  more  than 
20  per  cent,  or  one  chance  in  five;  with  lime  the  chance  of  success 
IS  raised  to  40  per  cent,  or  two  in  five;  wiih  inoculation  it  is  raised 
to  about  60  per  cent,  or  three  chances  out  of  five;  while  both  lime 
and  inoculation  used  tc^ether  indicate  a  successful  crop  about  four 
times  out  of  every  five  trials. 

dTBTJS  (JULTUitS  DT  SOXJTHBBV  TSXAS.^ 

With  the  recent  active  horticultural  development  in  southern 
Texas  there  has  arisen  a  demand  for  information  relative  to  the 
adaptability  and  culture  of  the  various  citrus  fruits  in  that  region. 

The  culture  of  citrus  fruits  in  the  Gulf  coast  region  generally  has 
been  rather  fully  discussed  in  a  previous  Farmers'  Bulletin  of  this 
Department,^  but  in  a  recent  bulletin  of  the  Texas  Agricultural 
Experiment  Stations,  S.  A.  Waschka  gives  ai^  account  of  the  experi- 
mental planting  of  oranges,  grape  fruit,  lemons,  and  kumquats  at 
the  Beeville  Substation,  together  with  information  gained  from 
plantings  made  elsewhere  in  the  same  r^on,  which  it  is  believed 
will  be  useful  to  the  large  number  of  people  who  have  undertaken 
to  grow  citrus  trees  in  southern  Texas. 

None  of  these  plantings,  however,  are  very  old,  and  as  Mr.  Waschka 
says,  ''for  the  last  five  years,  until  the  cold  spell  in  January  of  this 
year  (1909),  the  coast  belt  has  not  been  visited  by  weather  severe 
enough  to  test  the  endurance  of  the  citrus  trees.''  In  January  past 
the  trees  withstood  a  temperature  which  went  as  low  as  20^  to  24^ 
over  most  of  the  citrus-fruit  belt.  This  is  considered  an  encouraging 
circumstance  for  the  development  of  the  industry. 

o  Compiled  from  Texas  Sta.  Bui.  118.      ^IT.  S.  Dept.  Agr.,  FWinen'  Bid.  238. 
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OBANOBS. 

In  March,  1907,  30  varieties  of  1-year-old  orange  trees  were 
planted  at  the  station.  Of  these  the  following  varieties  were  bearing 
some  fruit  in  1908:  Satsuma,  Dugat,  Washington  Navel,  Mandarin, 
Mediterranean  Sweet,  and  Parson  Brown.  Other  varieties  aire  ex- 
pected to  bear  during  the  present  year.  The  experience  of  longer 
standing  has  been  practically  confined  to  two  varieties  of  oranges, 
the  Satsuma  and  the  Dugat,  garden  plantings  of  which  have  been 
grown  in  southwest  Texas  for  some  considerable  time  with  apparent 
success. 

The  Satsuma  is  the  hardiest,  and  will  resist  more  cold  than  any  other  orange.  So 
(bi  as  our  experience  goes,  the  Dugat  is  the  next  hardiest.  We  have  had  more  experi- 
ence with  these  two  than  with  any  other  variety.  They  are  young  and  heavy  bearers, 
and  the  fruit  of  both  is  excellent  for  market.  The  Dugat  has  produced  200  nice 
marketable  oranges  when  the  tree  was  3  years  old,  and  250  when  the  tree  wbb  4  years 
dd.    The  Satsuma  will  do  about  the  same  thing  if  properly  cared  for. 

OBAPE  FBUIT. 

Orape  fruit  is  not  extensively  planted  in  Texas,  principally  because 
it  is  not  so  well  known  as  the  orange.  The  following  five  varieties  of 
grape  fruit  have  been  tried  at  the  station  thus  far,  all  of  which  have 
proven  to  be  heavy  bearers  the  third  year  after  planting:  Triumph, 
Tresca,  Dimcan,  Pemambuco,  and  Royal.  The  yields  varied  from 
137  well-matured  fruits  on  4-year-old  Triumphs  to  648  well-matured 
fruits  on  4-year-old  Royal  trees.  Some  of  the  individual  fruits  of 
the  Tresca  variety  measured  5^  inches  in  diameter.  In  general  the 
fruits  averaged  about  4^  inches  in  diameter. 

LBMOKS. 

The  station  tested  only  one  variety  of  lemon,  the  Villa  Franca. 
This  proved  to  be  a  young,  prolific  bearer.  The  fruit  "is  excellent 
in  size  and  quality,  and  will  doubtless  secure  a  permanent  place  in 
the  markets.  One-year-old  trees  planted  in  February,  1904,  yielded 
as  high  as  164  lemons  of  excellent  quality  in  1908."  It  must  be 
borne  in  mind,  however,  "that  the  lemon  is  not  so  hardy  and  resist- 
ant to  cold  as  the  orange  and  the  pomelo." 

KUMQITATS. 

Relative  to  kumquats,  which  are  dwarf  members  of  tiie  citrus 
family  and  of  value  chiefly  for  ornament  and  as  pickles,  Mr.  Waschka 
has  the  following  to  say: 

We  have  grown  two  varieties  of  the  kumquats,  both  of  Chinese  origin.    The  NagawU, 

oblong  in  shape,  measuring  about  !(  by  1}  inches  in  diameter.    The  fruit  of  the 

Marumi  variety  is  round,  slightly  flattened,  and  somewhat  smaUer  than  that  of  the 
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Nagami.  llie  kumquat,  when  ripe,  has  a  perfect  orange  color,  rather  acid,  but  very 
aromatic,  and  is  an  excellent  relish.  The  Nagami  bears  fruit  mostly  in  clusters,  and 
when  cut  with  leaves  attached  forms  a  very  attractive  table  decoration.  Both  varie- 
ties majce  excellent  preserves,  and  wherever  known  are  in  great  demand.  For 
market  the  fruit  is  usually  packed  in  quart  baskets  and  crated  like  strawberries  or 
tomatoes.  The  trees  are  dwarfed,  if,  in  fact,  they  may  be  considered  trees,  attaining 
a  growth  from  8  to  12  feet  in  height,  and  two-thirds  this  measurement  across  the  head. 
They  are  very  young  and  prolific  bearers,  setting  a  crop  of  fruit  the  first  year  after 
planting,  comparing  favorably  in  this  respect  wiUi  the  Satsuma  oranges,  their  hardi- 
ness being  increased  by  using  trifoliata  stock  to  bud  on.  The  low,  dwarfish  heads  of 
the  tree  provide  a  great  deal  of  protection  to  the  trunk. 

OrrBTTS  TBIFOLIATA  AS  STOCK. 

On  account  of  its  hardiness,  Citrus  trifoliata  is  recommended  as  a 
stock  to  be  used  in  southern  Texas  for  all  citrus  trees, since,  ''to  some 
extent,  it  seems  to  impart  some  of  its  hardiness  to  the  scions  worked 
upon  it.  The  trees  budded  on  this  stock  come  into  bearing  at  an 
earlier  age,  as  a  rule,  and  produce  their  fruit  early  in  the  sea- 
son. *  *  *  It  has  been  claimed  that  the  trifoliata  stock  dwarfs 
the  tree,  but  this  seems  to  be  an  error.'' 

SBLBCTIOK  OF  SOILS. 

The  following  advice  is  given  relative  to  the  selection  of  soils  for 
citrus  culture: 

It  may  be  said  that  the  citrus  trees  are  apparently  not  very  fastidious  as  to  the  type 
at  soil  best  suited  to  them,  and  this  is  especially  true  if  the  right  stock  is  chosen  to 
work  them  on.  Still,  there  are  certain  soils  upon  which  we  would  not  advise  that 
they  be  grown.  Sticky,  heavy  soils  should  be  avoided  for  commercial  groves.  These 
soils  are  fertile  enou^,  but  they  easily  become  dry  and  compact,  unless  under  irriga- 
tion, and  then  they  are  more  likely  to  become  puddled  or  tamped  and  difficult  to 
work.  Soils  that  are  n(^  properly  drained  must,  of  course,  be  avoided;  or  soils  that 
have  hardpan  are  unsuitable,  unless  the  hardpan  is  broken  up  so  that  the  roots  of  the 
soil  may  easily  penetrate  it.  Citrus  trees  are  generally  surface  feeders,  but  still 
provision  must  be  made  for  the  roots  to  penetrate  to  such  a  depth  as  will  firmly  anchor 
the  tree  in  the  soil.  The  trees  succeed  best  on  well  drained,  loose  soils,  preferably, 
perhaps,  on  a  sandy  loam  that  gradually  changes  into  a  heavy  loam,  imderlaid  by 
pliable  clay,  18  inches  or  more  from  the  surface.  Extremely  open,  porous  soils  are 
not  desirable.  A  pure  sandy  loam,  with  a  clay  subsoil,  is  well  suited,  provided  it  is 
properly  enriched  by  the  application  of  fertilizers. 

PBBPABATIOK  AND  CTTLTIVATIOK  OF  THB  SOIL. 

The  land  should  be  thoroughly  prepared  as  for  any  other  crop.  It  should  be 
deeply  plowed — if  the  rain^U  is  low — and  pulverized  by  harrowing  and  smoothing. 
If  sod  land  is  to  be  used,  it  is  best  to  break  it  about  three  times,  say,  3  inches  the  first 
time,  followed  by  disk  harrow,  and  then  followed  by  a  lever  or  section  harrow.  The 
second  plowing  may  be  carried  5  or  6  inches  deep,  harrowed  as  in  the  first  instance. 
In  semiarid  districts  the  third  plowing  should  be  as  deep  as  practicable,  say,  7  to 
10  inches,  and  harrowed  as  before.  It  is  preferable,  of  course,  that  the  land  be  prepared 
«0  above  before  the  trees  are  set  out. 

«27a— Bull.  374—09 2 
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Mr.  Waschka  emphasizes  the  importance  of  thoroii^  cultriratioii 
for  the  conservation  of  the  soil  moisture  in  diy  climates  or  diy 
periods  and  the  need  of  proper  drainage  in  wet  weather: 

Proper  cultivation  at  the  proper  time  is  often  equal  to  irrigation;  in  fact,  it  ib  ai 
times  better,  because  if  irrigation  is  not  properly  conducted  it  may  watk  positive 
injury.  Cultivation  should  be  followed  after  each  rain,  or  after  each  irrigation,  if 
this  be  practiced.  The  groimd  should  be  properly  worked  with  a  harrow,  or,  if  need 
be,  with  a  cultivator,  after  every  rain,  in  case  the  locality  is  one  wh«!e  the  coDserra- 
tion  of  moisture  is  an  important  consideration.  In  &ct,  in  such  localities  it  is  a  good 
practice  to  keep  the  cultivator  or  harrow  going  during  the  dry  season,  say,  to  the 
middle  of  September,  after  which  cultivation  should  cease,  in  order  that  tree  growth 
may  be  checked  and  the  wood  hardened  for  the  winter.  Very  deep  plowing  is  not 
advisable  after  the  tree  begins  to  grow  in  the  spring,  but  a  plow  may  be  used  to  ad- 
vantage at  some  distance  from  the  tree,  and  at  some  greater  depth  than  the  shallow 
cultivators  give.  The  plow  may  be  used  even  in  December,  but  great  care  should  be 
taken  not  to  tear  up  the  roots  of  the  tree.  Weeds  of  any  kind  should  not  be  allowed 
to  grow  in  the  orchard  at  any  time 

COVBB  OBOPS. 

The  use  of  a  leguminous  cover  crop  is  advised,  ''even  though  the 
land  is  rich  in  nitrogen,  humus,  and  other  plant  food,"  for  ''such 
crops  make  the  soil  loose  and  mellow  and  prevent  surface  washing 
during  rainy  seasons,  and  at  the  same  time  regulate  the  moisture  of 
the  soil/'  The  practice  at  the  station  has  been  to  plant  the  cowpeas 
in  rows  about  3  feet  apart  and  to  cultivate  them  as  long  as  the 
vines  will  permit.  The  vines  are  not  allowed  to  run  closer  than  5 
feet  from  the  trees,  so  that  the  latter  may  be  property  cultivated. 
"It  is  best  to  plant  peas  early  in  the  spring,  and,  when  the  first  pods 
are  ri^,  cut  up  the  crop  and  soil  with  a  disk  harrow." 

FBEBZBS. 

Although  the  winter  climate  in  southern  Texas  is  usually  mfld,  the 
occurrence  of  severe  freezes  of  short  duration  are  by  no  means  un- 
common, and  the  trees  should  be  given  some  sort  of  protection  every 
year. 

It  is  very  essential  to  bank  around  the  trees  for  winter,  in  order  that  a  pcnrtion  ai  tiie 
trunk  may  be  preserved  in  case  of  a  severe  freeze.  Should  the  trees  get  winter  killed 
they  should  be  cut  back  in  the  spring  as  &u*  as  they  have  been  frozen,  leaving  the 
hesdthy  wood  to  produce  sprouts  and  make  another  tree,  which  they  will  do  in  two  or 
three  years.  These  moimds  of  earth  should  be  removed  as  soon  as  all  danger  ot  a 
severe  freeze  is  past — say,  about  the  1st  of  March.  In  the  Gulf  coast  secticm  of 
Texas,  the  trees  may,  as  a  rule,  be  left  unprotected  until  about  the  1st  of  December. 
Nothing  but  clean  earth  should  be  used  in  banking,  and  a  considerable  portion  of  the 
tops  should  be  left  exposed. 

In  a  recent  article  dealing  with  the  possibility  of  orange  culture  in 

South  Texas,  H.  M.  Stringf ellow  ^  called  attention  to  the  fact  that 

* 

a  Orange  Trees  for  Texas.    H.  M.  Stringfellow:  Texas  Farm  and  Ranch,  28  (1900), 
No.  2,  pp.  10-12. 
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that  section  had  been  visited  by  killing  freezes  of  short  duration  at 
irregular  intervals  several  years  apart.  Among  the  methods  sug- 
gested for  the  protection  of  tree  tops,  he  advocated  the  trial  of  sheet 
asbestos  as  a  wrapping  for  the  trunk  of  the  tree.  A  small  mound  of 
earth  should  be  drawn  up  around  the  bottom  of  the  wrapping,  and  a 
little  cotton  should  be  stuffed  between  the  tree  and  the  wrapping 
at  the  upper  end  in  order  to  prevent  the  circulation  of  air  benea^  the 
wrapping. 

In  conclusion  it  may  be  said  that  the  only  drawback  to  commercial 
citrus  culture  in  southern  Texas  which  is  worthy  of  serious  considera- 
tion is  that  of  the  possibility  of  occasional  spells  of  severe  freezing 
weather.  If,  as  has  been  the  case  in  recent  years,  the  interval 
between  the  periods  of  killing  frosts  is  sufficiently  long  to  permit  of 
harvesting  three  or  four  crops  of  fruit,  the  industry  might  be  placed 
on  a  paying  basis  in  spite  of  the  freezes,  since  citrus  fruits  in  southern 
Texas  come  into  bearing  very  early.  Thus  far,  however,  it  appears 
that  the  Mandarin  type  of  orange,  which  includes  the  Satsuma  and 
Diigat,  above  mentioned,  as  well  as  several  other  varieties,  is  the 
only  safe  kind  to  plant  in  this  section.  Plantings  of  the  ordinary 
sweet  oranges,  such  as  are  grown  in  California  and  Florida,  should  be 
done  merely  in  an  experimental  way.  It  might  also  be  well  to  con- 
sider to  what  extent  the  market  will  call  for  oranges  of  the  Mandarin 
type.  It  is  quite  possible  that  such  varieties  could  soon  be  over- 
planted. 

PBinnva  botuhdifolia  gbapes.^ 

The  scuppemong  and  other  rotundifolia  or  muscadine  grapes  of 
the  South  are  usually  grown  on  arbors  and  allowed  to  ramble  at 
will,  since  pruning  is  commonly  considered  detrimental  to  them. 
As  a  result,  the  vines  become  matted  in  the  course  of  a  few  years 
and  do  not  yield  well  except  on  the  outer  edges  of  the  arbor.  The 
vine-clad  arbor  is  often  valuable  in  providing  a  shady  retreat  about 
the  home  grounds  and  sometimes  even  for  protecting  stock  from  the 
sun.  These  gra]>es  can  be  grown  for  market,  however,  to  greater 
advantage  and  profit  on  wire  trellises.  Whether  grown  on  arbor  or 
trellis  they  will  succeed  better  if  rightly  pnmed.  In  a  recent  bul- 
letin of  the  South  Carolina  Station,  C.  C.  Newman  says: 

To  succeed  in  growing  these  grapes  on  an  arbor  or  trellis  we  must  prune  freely  every 
bdl  and  never  allow  the  vines  to  grow  in  masses.  When  the  vines  become  too  thick 
it  is  bettor  to  remove  a  few  of  the  large  canes  rather  than  cut  out  a  great  many  small 
ones.  When  the  small  canes  are  cut  out  it  only  relieves  the  trouble  temporarily,  as 
it  induces  them  to  branch  freely  and  the  vine  becomes  thicker  than  ever. 

By  conducting  the  sap  through  a  rubber  tube  to  a  large  glass  jug 
Professor  Newman  compared  the  amount  of  sap  lost  through  prun- 

a  Compiled  from  South  Carolina  Sta.  Bui.  132. 
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ing  vines  at  different  periods.  The  following  table  shows  the  amonnt 
of  sap  collected  from  vines  that  were  cut  at  different  periods  frcmi 
October  20  to  May  21 : 

Sap  lost  from  scuppemong  vinea  pruned  at  different  daUe, 


Date  vines  were  cat. 


Ootober20... 

Do 

November  21 

Do 

December  19, 
January  20.. 
February  21. 
March  20 

Do 

April  20 

Ilay21 


Diam- 
eter of 
vine  oat. 


Inehet, 


\ 


\ 


When  bleeding 
began. 


No  bleeding... 

do 

do 

do 

Feb.  18 

do 

Feb.  21 

Mar.  20 

do 

do 

No  bleeding... 


Whenbtoedtng 


No  bleeding.. 

do 

do 

Mayi 

May  16 

May  18 

.....do 

May  25 

May  10 

No  Needing.. 


Amount  of  flH>  kat  bj 


Nooe. 
Do. 
Do. 
Do. 

2000068. 

0  poonds  4  . 
21  pounds  3 
2Spoand85 
g3poands6 
12  pounds  4 
Nooe. 


These  results  show  that — 

If  the  vines  are  pruned  during  the  months  of  Octol^er  and  November  there  will  be 
no  injurious  effects,  but  if  they  are  cut  later  in  the  season,  they  will  bleed  badly  and 
seriously  injure  if  not  destroy  the  vine. 

If  the  pruning  is  delayed  until  after  December,  there  will  always  be  more  or  less 
injury  to  the  vine  caused  by  the  loss  of  sap  in  the  spring.  After  the  vines  have  made 
a  growth  of  from  5  to  6  inches  in  the  spring,  small  vines  may  be  cut  without 
causing  serious  injury,  but  the  Urge  vines  will  bleed  badly  even  at  this  season. 
Vines  cut  in  late  winter  will  not  bleed  until  the  weather  begins  to  turn  wann,  but 
will  then  bleed  freely.  They  will  cease  to  bleed  if  the  weather  turns  oo(d  again, 
only  to  bleed  more  beely  as  the  spring  advances.  A  vine  that  has  been  pruned  too 
late  in  the  season  will  be  so  weakened  by  the  loss  of  sap  that  it  will  be  a  wedc  or  ten 
days  later  in  starting  to  grow  than  vines  pruned  in  the  early  fall. 


VXTTBITIVE  VALVE  OF  VATIVE  HATS  DT  THE  ABID  BEOIOVS.- 

Practical  stockmen  in  the  arid  West  declare  that  the  native  grasses 
and  forage  plants  are  the  most  nutritions  in  the  world  and  point  to 
the  condition  of  their  animals  as  offering  abundant  evidence  of  their 
assertions.  It  is  a  common  practice  among  many  ranchmen  to  flood 
their  meadows  during  the  irrigating  season  to  such  an  extent  that 
many  of  the  true  grasses  are  killed,  so  that  the  hay  harveetiiigB  are 
often  composed  largely  of  rushes  and  sedges,  which  give  a  greater 
yield  than  hay  made  from  grasses.  In  the  past  few  years  several 
experiment  stations  in  that  region  have  imdertaken  investigations  to 
compare  the  nutritive  value  of  the  different  grasses,  sedges,  rudies, 

and  other  native  forage  plants. 

^ * 

a  Compiled  from  Colorado  Sta.  Buls.  93,  124;  Nevada  Sta.  Buls.  62,  04;  Wyoming 

8ta.  Buls.  65,  68,  69,  78,  70. 
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The  Nevada  Station  conducted  experiments  to  determine  the  nutri- 
tive value  of  hay  in  different  portions  of  the  stalk  and  of  the  second- 
growth  crop  of  native  hay  of  the  Truckee  Meadows  when  fed  to  sheep. 

These  plants  vary  coneiderably  in  their  feeding  value.  Owing  to  the  unevenness 
of  the  land  and  the  methods  of  irrigation  in  vogue,  some  parts  of  the  fields  receive  a 
much  larger  amount  of  water  than  others.  In  the  lowest  places  the  water  grasses, 
sedges,  and  rushes  predominate,  while  in  the  higher  parts  the  true  grasses  and  clovers 
are  more  abundant.  In  consequence  of  this,  a  stack  of  native  hay  does  not  represent 
a  uniform  feeding  value  throughout.  That  portion  of  the  stack  composed  laigely  of 
the  native  bluegrasses  and  clover  is  of  a  much  better  quality  than  that  composed 
almost  entirely  of  water  grasses,  sedges,  and  rushes.  The  rancher  from  whom  we  pur- 
chased the  hay  was  anxious  to  find  out  the  nutritive  value  of  his  hay  and  especially 
of  the  second-growth  crop.  This  second  crop  is  cut  long  before  maturity  and  consists 
of  the  young,  tender  portions  of  the  grasses,  sedges,  rushes,  and  clovers  that  have 
been  produced  after  the  removal  of  the  first  crop.  It  ia  strictiy  speaking  the  after- 
math. The  stockmen  to  whom  he  sold  his  hay  in  the  fall  and  winter  season  for  fat- 
tening sheep  and  catUe  for  market  differed  Widely  in  their  opinions  as  to  the  feeding 
value  of  this  seccmd  crop.    Some  feeders  regarded  it  highly,  while  others  considered 

it  worthless. 

* 

The  botanical  composition  of  the  four  samples  was  examined. 
The  first  sample,  which  consisted  of  second  growth  native  hay,  con- 
tained no  plants  which  had  reached  maturity.  The  clover  sample 
consisted  largely  of  the  introduced  alsike  clover  and  a  native  clover 
{Trifolium  spinulosufn) ,  The  bluegrass  sample  contained  a  great 
variety  of  grasses,  but  Buckley  bluegrass  (Poa  buckleyana) ,  alkali 
meadow  grass  {Puccindlia  airoides),  and  spike  rush  grass  (Eleocharis 
areniecia)  predominated.  The  timothy  sample  consisted  largely  of 
timothy  and  tickle  grass  (Hordeum  jviatum).  About  one-half  of 
the  wire-grass  sample  consisted  of  common  wire  grass  (Jurums  halti- 
cv^)  and  brown-top  sedge  (Carex  athrostachya). 

Many  native  grasses,  legumes,  and  forage  plants  are  described  in 
bulletins  of  the  Nevada  and  Wyoming  stations,  and  results  of  chem- 
ical analyses  are  given,  which  show  them  to  be  rich  in  nutritive  con- 
stituents. The  chemical  composition  alone,  however,  is  not  enough  to 
determine  the  actual  food  value.  It  is  the  object  of  this  article  to 
summarize  the  work  done  at  these  experiment  stations  on  the  nutri- 
tive value  of  these  native  plants.  At  the  Wyoming  Station  feeding 
experiments  with  sheep,  begun  in  1904  and  continued  up  to  the 
present  time,  show  that  the  practical  man  is  right  in  believing  that 
these  native  grasses  are  fully  as  nutritious  as  the  tame  grasses  of  the 
East. 

WHEAT  0BASSES. 

In  one  experiment  with  wheat  grasses  10  Shropshire  and  10  Merino 
lambs  were  fed  for  sixteen  weeks  on  alfalfa,  com,  and  turnips,  and 
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nuide  a  gain  of  31 .2  pounds  per  head  at  a  ooei  of  4ik  oate  per  pooad. 
With  another  lot  of  lambe  the  atfrfftt  was  lepiaced  with  an  uyetiipeai^ 
woodj  haj  made  from  Westem  whe^JL  gnm  {Agrofftom  oetiiemkiU). 
Theee  lambe  made  an  aTmage  gain  ci  20.7  poande  per  head  at  a 
coet  of  6«06  C6ot0  per  pound.  Pram  uter  experimeBte  with  mi  i  Uuee 
of  wheat  giaaws  it  would  i^ypear  that  thej  are  more  nntoitaooB 
than  in  the  experiment  previmmly  quoted.  ^Practical  expmenoe 
has  proven  that  the  Weatem  wheat  grass  is  an  excellent  fodder,  and 
results  show  that  it  is  more  nutritious  pound  for  pound  than  timothy, 
which  commands  a  holier  price  in  westem  maxkets.  Tha«  may  be 
seyeral  reasons  for  favoring  timothy,  <Hie  <rf  which  is  that  it  is  very 
difficult  to  grow  Westem  wheat  grass  free  from  foxtail,  which  depre- 
ciates the  ralue  of  the  crop,  because  of  the  injuries  inflicted  by  f  oxtaO 
upon  ftnimAla  feeding  upon  it.  Then  there  is  a  prevalent  idea  that 
timothy  is  the  only  hay  that  should  be  used  for  hcnse  feed."  On  the 
bottom  lands  along  the  water  courses  in  CSc^rado  there  n  a  grass 
closely  allied  to  the  Westem  wheat  grass  and  known  locafly  as  Colorado 
Jbluestem  (A.  tenerwn).  Samples  of  mixed  hay  ccmtaining  a  large 
proportion  of  this  grass  wefre  obtained  near  Fort  Collins  and  in  the 
Box  Elder  Valley  and  were  used  for  experiments  at  the  Ci^orado 
Experiment  Station.  The  Fort  Collins  samj^  was  much  more 
digestible,  as  is  shown  by  the  accompanying  table. 


Three  sheep  were  used  for  digestion  experiments  with  wire  grasses, 
which  were  composed  mostly  of  rushes  and  sedges.  Out  of  100 
poimds  of  wire-grass  hay  about  50  pounds  of  the  native  hay  was 
digested  and  assimilated.  The  digestibility  of  the  protein  was  sur- 
prisingly low.  Evidently  the  hay  fed  in  this  experiment  was  inferior 
to  much  of  the  hay  used  by  stockmen. 

In  one  feeding  trial  with  small  lots  of  lambe  upon  various  grain  ratians  and  natiire 
hay  [composed  largely  of  wire  grasses]  the  ration  made  up  of  native  liay,  oats,  and 
oil  meal  proved  to  be  the  best  of  those  tried,  the  lambs  making  a  gain  of  17.4  pounds 
per  head  in  fourteen  weeks,  against  28.6  pounds  made  by  the  lot  on  alfalfa  hay  and 
com.  [Another  experiment]  with  40  lambs  hi  each  lot  shows  an  avenge  gain  cf 
20.3  pounds  in  fourteen  wedm  by  the  lambs  on  native  hay,  oats^  and  oil  meal,  and 
34.3  pounds  by  the  lambs  on  alfalfa  hay  and  com. 

The  amount  of  feed  required  was  607  poimds  of  native  hay,  460  pounds  of  oats,  and 
25  pounds  of  oil  meal  for  100  pounds  of  gain.  In  the  previous  experiment  574  jxmnds 
of  hay,  501  pounds  of  oats,  and  86  pounds  of  oil  meal  were  required  lor  100  poondB 

gain. 

The  results  of  these  two  experiments  indicate  that  the  native  hay,  oats,  and  oil- 
meal  ration  will  produce  someiR^t  less  than  two-thirds  the  gdn  produced  by  alfal^ 
hay  and  com  in  the  same  length  of  time,  and  also  requires  cansidecBbly  mote  feed 
to  produce  100  pounds  gain. 
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8WXBT-CU>VBB  HAY. 

In  the  South  sweet  clover  is  prized  as  an  early  pasture  for  sheep. 
Throughout  the  Eastern  States  it  is  regarded  as  a  weed.  In  some 
sections  of  the  West  it  is  used  as  a  pasture  for  pigs.  At  the  Wyo- 
ming Station  its  digestibility  as  a  sheep  feed  has  been  investigated. 

At  tihiB  altitude,  under  the  peculiar  conditionB,  it  is  believed  by  a  few  that  there  is 
a  future  for  it  since  it  grows  weU.  It  is  an  alkali-resisting  plant,  and  although  it 
is  not  palatable  to  stock  in  the  green  condition,  yet  after  it  is  cured,  especially  where 
salt  has  been  added,  the  stock  relish  it  and  thrive  well  upon  it.  It  is  very  nutritious, 
readily  digestible,  and  contains  an  exceedingly  high  percentage  of  crude  protein.  It 
is  more  nutritious  when  cut  at  the  proper  period  than  many  of  the  other  hays. 

The  sweet-clover  hay  used  in  this  experiment  was  grown  on  the  experiment-station 
farm  near  Laramie  in  1905.  It  had  been  in  stack  for  over  a  year  before  being  used 
for  this  experiment.  It  was  very  rank  at  the  time  of  cutting  and  the  amount  of  stems, 
therefore,  very  laige  in  proportion  to  the  leaves.  The  stems  had  become  rather  hard 
and  woody.  Notwithstanding  this,  the  hay  proved  to  be  a  very  narrow  ration,  since 
the  nutritive  ratio  was  only  1 : 3.2.  The  crude  fiber  did  not  nm  as  high  as  would  have 
been  expected,  being  but  24.75  per  cent. 

A  lot  of  10  lambs  that  were  fed  on  white  sweet-clover  hay,  com, 
and  oil  meal  made  an  average  gain  of  30.7  pounds  in  fourteen  weeks, 
while  10  lambs  fed  on  alfalfa  hay  and  com  made  34.4  pounds  gain. 
''  The  former  ate  one-sixth  more  hay,  somewhat  more  com,  and  a 
small  amount  of  oil  meal.  The  larger  consumption  of  sweet-clover 
hay  was  due  to  the  fact  that  it  was  cut  late  and  was  very  coarse  and 
stemmy.  The  lambs  liked  it,  however,  and  showed  a  steady  appetite 
for  it.  There  was  not  the  slightest  difficulty  in  getting  them  to  eat 
it  at  the  start.'' 

SAIiTBUSH. 

The  nutritive  value  of  the  saltbush  (Atriplex  argerUea),  used  by 
the  ranchmen^  has  been  studied  in  sheep  feeding  experiments  at  the 
Colorado  Experiment  Station.  ''This  saltbush  is  not  to  be  mistaken 
for  the  Australian  saltbush  {A.  semibdccata),  which  plant  differs 
materially  from  A.  argefUea.  The  AustraUan  saltbush  has  been 
recommended  by  the  California  Station  as  a  forage  plant  in  alkali 
soils."  In  tests  made  at  the  Wyoming  Station  this  plant  gave  better 
results  than  the  native  silvery  saltbush,  but  was  not  found  to  be  a 
really  good  fodder.  A  chemical  analysis  indicates  no  reason  except 
an  abnormally  high  ash  content  why  the  native  saltbush  hay  should 
not  be  at  least  a  fairly  good  feed.  The  amount  of  ash,  though 
large,  is  less  than  is  foimd  in  the  dried  leaves  of  the  sugar  beet, 
which  are  fed,  with  excellent  results,  to  both  cattle  and  sheep.  The 
results  of  the  feeding  experiment  were,  however,  not  favorable,  as 
each  of  three  sheep  used  in  the  experiments  lost  weight,  one  sheep 
losing  one-half  pound,  one  2  pounds,  and  the  third  6  pounds. 
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For  conyenience  of  comparison  and  reference,  the  results  of  diges- 
tion experiments  with  the  Yarious  forage  plants  are  collected  in  the 
following  table: 

Digestible  nutrienti  «fi  100  powt/dM  ofavr-dried  native  btofe. 


Sample. 


Western  wheat  grass  (Wyoming): 

1904..: 

1908 

1908 

Wire  mas  (Wyoming): 

1906-1!"!!!!!!!!*!!!!!!!!!!!!!!!! 

Sweet-olover  haj  (Wyoming) 

Second  growth  naave  hay  (Nevada). . 

Cioyer  sample  (Nevada) 

Bluegrass  sample  (Nevada) 

Timothy  and  tickle  grass  (Nevada). . . 

Wire  grass  (Nevada) 

Blue  stem  (Fort  Collins  sample) 

Blue  stem  (Box  Elder  Valley  sample) 
Saltbush  (Colorado) 


tTocein. 


PtmndM. 
S.81 
4.42 
4.15 

4.58 
2.25 
11.88 
<k49 
4.10 
8.48 
&06 
8.90 
4.48 
4.84 
6.46 


WbL 


PtmndM. 
1.09 
L44 
1.42 

L88 
L07 

.49 

2.90 

L86 

2.86 

2.11 

2.56 

.76 

.64 

.76 


Nltrogeo- 
ftBeeoc* 


Pounds. 
38.32 
30.44 
81.48 

aaao 

28.85 
28.86 
56.96 
58.75 
58.02 
59.16 
5L75 
2&86 
21.92 
17.88 


PMMMb. 
2a  69 
18.97 
20.29 

18.82 

18.68 

&t2 


22.18 

17.48 

2.27 


1:14.81 

1&8 

108.2 

101.41 

120.9 

1^2 

1S.S 

1:14.1 

107 

1:12.6 

104.7 

101.1 

IS.  4 

1:8.2 


BEBMUDA  &RAS8.^ 

The  success  which  has  been  attained  at  the  Oklahoma  Station  with 
Bermuda  grass  as  a  pasture  and  hay  plant  has  been  briefly  referred 
to  in  previous  bulletins  of  this  series.^  From  a  recent  bulletin  of  the 
Oklahoma  Station  on  this  subject,  prepared  by  L.  A.  Moorhouse  and 
others,  the  following  summaiy  is  taken: 

Bermuda  graas  is  a  native  of  tropical  countriee;  however,  it  can  be  grown  as  fv 
north  in  this  State  as  the  Kansas  line.  A  few  samples  of  Bennuda  grass  roots  have 
been  distributed  in  southern  Kansas.  Even  if  it  is  possible  to  start  Bermuda  by 
sowing  seed,  the  crop  should  be  propagated  entirely  by  planting  root  cuttings. 

Recent  experiments  appear  to  indicate  that  Hardy  Bermuda  grass,  a  type  which 
has  been  developed  by  the  experiment  station,  is  a  selection  well  adapted  to  Okla- 
homa conditions.  Muiy  formers  are  planting  this  grass  not  only  for  the  purpose  of 
preventing  soil  erosion  on  roadsides  uid  on  very  rolling  fidds,  but  tiiey  are  also  secur- 
ing sets  in  order  to  provide  the  live  stock  of  the  turn  with  suitable  pasture  tiiiwg^hovt 
the  hot  summer  months. 

Unless  the  soil  is  well  prepared,  the  grower  can  not  expect  to  secure  a  complete 
stand  if  unfovc»%ble  weather  conditions  prevail.  During  the  month  of  May  the  rain- 
foil  is  usually  abundant,  hence  this  is  the  best  time  of  the  year  to  plant  Bermuda 
roots.    A  suitable  temperature  is  an  essential  feature  in  starting  this  crop. 

Alter  the  soil  has  been  placed  in  good  tilth,  the  roots  or  sods  may  be  dFq[^>ed  in 
rows  which  are  30  to  36  inches  i^Nurt;  18  inches  is  a  suitable  distance  for  ^wcing  the 
pieces  in  the  row.  Chuss  which  has  been  down  several  yeare  may  be  improved  by  cul- 
tivation and  manuring. 

Reviewing  the  experiences  of  a  large  number  of  growers  we  find  that  this  grass  is 
regarded  with  fovor  in  many  widely  separated  districts.  A  few  observations  with 
white  clover  which  was  sown  on  a  Bermuda-grass  lawn  have  given  us  some  reason  to 
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believe  that  these  two  plants  can  be  used  as  a  pasture  miztme  with  profit.  Some 
feeding  tests  have  been  made  with  Bennuda  hay;  it  compares  very  favonbly  with 
such  standard  tyi>es  as  timothy  or  Kentucky  blue  grass. 

Since  this  grass  reproduces  by  underground  root  stems  as  well  as  by  seed,  some 
have  thought  that  eradication  would  be  impossible;  however,  by  adopting  the  proper 
plan,  this  grass  may  be  destroyed  and  other  crops  can  be  grown  upon  the  same  area. 
In  planting  roots  Hie  grower  should  confine  this  grass  largely  to  areas  which  are  to 
be  used  £ar  permanent  pasture. 

As  regards  eradication,  it  is  stated  that  while  '^  Bennuda  grass 
should  be  planted  only  on  those  areas  which  are  to  be  used  for  per- 
manent pastures,  there  may  be  cases  where  it  is  expedient  to  plow  up 
the  grass  after  it  has  become  firmly  established.  In  such  cases  quite 
thorough  treatment  must  be  given.  The  soil  should  be  turned  to 
a  depth  of  3  or  4  inches  during  the  latter  part  of  November  or 
early  in  December.  The  turf  may  remain  exposed  to  the  frosts  of 
winter  and  thorough  surface  cultivation  can  be  given  in  the  spring 
of  the  year.  A  crop  which  will  produce  a  dense  covering  or  shade 
should  be  selected  and  planted.  Cowpeas  or  sorghiun  answer  well 
for  this  purpose.  Bermuda  grass  does  not  thrive  in  the  shade;  thus 
the  winter  exposure  and  the  check  which  is  placed  upon  it  during 
the  summer  months  will  assist  in  destroying  the  major  portion  of  the 
crop." 

A  circular  of  the  Bureau  of  Plant  Industry  of  this  Department  * 
makes  the  following  suggestion  r^arding  the  eradication  of  Bermuda 
grass: 

The  very  qualities  which  render  Bermuda  so  valuable  as  a  pasture  giass  serve  to 
make  it  an  aggressive  and  pestiferous  weed.  On  account  of  its  tendency  to  spread 
and  insinuate  itself  into  the  land  where  it  is  not  wanted  and  to  persist  in  fields  which 
are  to  be  used  for  other  purposes,  it  has  in  many  cases  not  been  utilized  to  the  extent 
that  its  good  qualities  would  indicate.  However,  it  can  be  eradicated  from  a  field 
with  comparative  ease  by  prop^  cultivation.  Since  it  will  not  thrive  in  the  shade, 
it  is  only  necessary  to  smother  it  out  by  some  quick-growing  crop.  The  method 
recommended  by  southern  agriculturists  and  which  may  be  modified  to  suit  conditions 
is  to  plow  the  lajid  after  the  last  crop  of  hay  is  cut,  if  the  field  is  a  meadow,  or  about 
this  season  if  it  is  a  pasture.  Sow  the  field  to  oats,  wheat,  or  to  some  thick-growing 
crop.  When  this  crop  is  harvested,  plow  the  land  immediately  and  plant  to  cow- 
peas.  It  is  x^obably  best  to  plant  these  in  drills  and  cultivate  them  until  the  vines 
meet,  after  which  they  will  shade  the  ground  and  prevent  the  growth  of  Bermuda. 
Usually  this  treatment  is  sufficient  to  destroy  the  Bennuda  completely,  but  if  not, 
the  process  can  be  repeated. 

SHOKT  VESSnS  KUTG  FEBDIHG  OF  BEEF  GATTIE.<» 

Since  the  prices  for  feed  stuffs  have  been  so  high  there  has  been  a 
tendency  in  the  Central  West  when  purchasing  feeders  to  buy  mature 

•  U.  S.  Dept.  Agr.,  IKv.  Agrostology  Oirc.  31. 

b  Compiled  from  Indiana  Sta.  Bui.  130;  Ann.  Rpt.  Ontario  Agr.  Col.  and  Expt. 

¥nm,  34  (1908);  Canada  Expt.  Farm  Kpts.  1906. 
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cattle  and  thus  shorten  the  feeding  period.  This  method  of  feeding 
has  given  rise  to  the  term  ''short-fed  cattle."  At  the  Indiana  Sta- 
tion experiments  have  been  in  progress  the  past  two  years  to  ascer- 
tain the  comparative  profits  secured  from  feeding  cattle  by  the  two 
methods.  In  the  two  series  of  experiments  reported  two  lots  of  10 
steers  each  were  fed  shelled  com,  cotton-«eed  meal,  clover  hay,  and 
com  silage. 

Two  lots  of  cattle  were  started  on  feed  at  the  same  time  each  year.  The  "long-led'' 
steers  used  averaged  at  the  begiimiiig  of  the  first  test  1,010  pounds,  and  would  hmve 
graded  as  good,  fleshy  feeders;  the  "short-fed  "  steers  averaged  1,175  pounds  and  woe 
carrying  too  much  flesh  to  be  classified  as  feeders,  but  would  have  been  sold  as  kUleiB 
if  placed  on  the  market  at  the  time  they  went  into  the  experiment.  *  *  •  The 
first  test  began  November  21,  1906,  and  closed  for  the  "shcnrt-fed"  lot  February  19, 
1907;  for  the  "long-fed"  lot.  May  20,  1907.  The  second  test  started  NovCTtiber  17, 
1907,  and  closed  for  the  "short-fed"  cattle  March  15,  1908,  and  for  the  "long-fed" 
cattle  May  15,  1908.  *  *  «  The  variation  in  the  price  of  ohh  during  the  two 
winters  when  the  work  was  conducted,  together  with  the  fluctuation  in  the  price  of  ht 
cattle,  makes  it  necessary  to  use  different  prices  in  computing  profit  or  loss  from 
feeding.  In  the  financial  statements  com  is  valued  at  the  prevailing  market  prices 
at  the  time  of  feeding;  cotton-seed  meal  at  $28  per  ton,  clover  hay  at  $10  per  ton,  and 
com  silage  at  $2.50  per  ton. 

In  the  experiments  of  1906-7  the  average  daily  gain  per  head  for 
the  long-feeding  period  was  2.57  pounds,  at  a  cost  of  7.59  cents  per 
poimd,  and  for  the  short  period  3.16  pounds,  at  a  cost  of  6.98  cents 
per  pound,  estimating  com  to  be  worth  40  cents  per  bushel.  In 
1907-8  the  corresponding  average  daily  gain  of  the  long-fed  steers 
was  2.66  pounds  per  head/  at  a  cost  of  7.91  cents  per  pound,  and  of 
the  short-fed  steers  2.85  poimds,  at  a  cost  of  7.83  cents  per  pound. 

In  the  first  test  the  total  amount  of  com  necessary  to  finish  each  steer  was  34  bushels 
in  the  '^short-fed''  lot  and  54.6  bushels  in  the  '4ong-fed"  lot;  in  the  second  test,  42.5 
bushels  in  the  *'short-fed  "  lot  and  61.1  bushels  in  the  '4ong-fed"  lot. 

In  the  first  test  it  was  necessary  to  put  on  285  pounds  per  head  in  the  "short-fed'* 
lot  and  464  pounds  in  the  " long-fed  *'  lot  to  attain  the  same  marketable  finish;  in 
the  second  test  318  pounds  in  the  "short-fed"  lot  and  479  pounds  in  the  "long-fed" 
lot. 

During  the  period  when  both  lots  of  cattle  were  in  the  feed  lot  there  was  a  greater 
profit  per  head  from  feeding  the  heavier,  fleshier  steers. 

In  the  first  test  the  margin  necessary  to  prevent  loss  on  the  "short-fed  "  cattle  at  the 
time  of  marketing  was  48  cents  per  hundred;  on  the  "long-fed"  cattle  at  the  same 
time  50  cents,  and  on  the  "long-fed  "  cattle  at  the  time  of  marketing  $1.04  per  hundred. 

In  the  second  test  the  margin  necessary  to  prevent  loss  on  the  "short-fed"  cattle 
at  the  time  of  marketing  was  92  cents  per  hundred;  on  the  "long-fed"  cattle  at  the 
same  time  $1.01  per  hundred,  and  at  the  time  of  marketing  $1.54  per  hundred. 

The  cost  of  gains  was  cheaper  on  the  thinner  cattle  during  the  first  three  "w^^th*  cf 
the  test,  but  when  fed  to  the  same  marketable  finish  the  cost  of  gains  was  ptacticaDy 
the  same. 

In  short  feeding  cattle  for  late  summer  and  fell  markets  it  is  necessary  to  stui  with 
very  fleshy  feeders  of  excellent  beef  tyi>e  in  order  that  they  will  not  sell  in  competi> 
tion  with  western  grass-fet  cattle. 

During  the  winter  of  1907-8  there  was  a  marked  improvement  in  cattle  values 
between  the  time  of  marketing  the  "short-fed"  and  "long-fed"  cattle,  which  makes 
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a  flhowing  in  iwor  of  the  long  period  very  much  better  than  it  would  be  if  prices  had 
reaained  stationary. 

«  «  «  The  data  preeented  *  *  *  clearlyshowthat  lighter  and  thinner  cattle 
make  cheaper  gains  than  heavy,  fleshy  feeders  if  fed  the  same  length  of  time,  but 
wbefe  fed  to  the  same  marketable  finish  the  cost  of  gains  will  be  practically  the  same; 
that  heavy,  fleshy  feeders,  suitable  to  be  finished  in  90  to  110  days,  will  cost  practi- 
cally 60  cents  more  per  hundred  than  cattle  similar  in  every  respect  except  that  they 
do  not  carry  so  much  flesh;  that  the  difference  in  cost  of  the  fleshy  feeders  and  light 
thin  feeders  both  during  the  fall  of  1906  and  1907  was  not  great  enough  to  offset  the 
difference  in  the  cost  of  making  gains  in  the  feed  lot.  This  shows  that  it  is  generally 
cheaper  to  buy  flesh  on  the  feeders  than  to  put  it  on  in  the  feed  lot.  It  was  necessary 
to  put  on  464  pounds  during  the  first  test  and  479  pounds  during  the  second  test  on 
the  ''long-fed "  cattle,  and  285  pounds  in  the  first  test  and  318  pounds  in  the  second 
test  on  the  ''short-fed  "  cattle,  while  in  the  feed  lot,  to  make  them  equally  fat.  It  was 
necessary  fcur  the  "short-fed"  cattle  to  increase  in  value  16.6  cents  per  month  for  a 
three  months  period,  while  it  was  necessary  for  the  "long-fed"  cattle  to  increase  17.5 
cents  per  month  for  a  six  months  period,  with  com  at  40  cents  per  bushel,  in  order 
to  break  even  on  feeding  cattle  without  counting  the  value  of  either  hogs  or  manure. 

Experiments  in  feeding  short  yersiis  long  periods  hare  been  con- 
ducted at  the  Ontario  Experiment  Station  for  several  years.  In  one 
of  the  later  experiments  8  steers  fed  for  77  days  made  an  average 
daily  gain  of  2.25  pounds.  The  same  niunber  of  steers  fed  for  160 
days  on  the  same  ration  made  an  average  daily  gain  of  2  pounds. 
During  the  3  years  these  experiments  have  been  in  progress  the  short- 
fed  steers  as  a  rule  have  returned  higher  prices  per  steer  than  the  long- 
fed  steers.  At  the  Canada  experimental  farms  the  best  results  have 
sometimes  been  obtained  with  the  long-fed  steers.  In  one  case  7  steers 
fed  for  180  days  gained  2.36  pounds  per  day,  at  a  cost  of  4.26  cents  per 
pound,  while  a  similar  lot  of  8  animals  fed  for  130  days  gained  at  the 
rate  of  2.08  pounds  per  head  per  day,  at  a  cost  of  4.85  cents  per  pound. 

On  the  whole,  these  results  at  the  different  experiment  stations  are  to 
the  advantage  of  the  short-fed  steer,  but  a  change  in  market  condi- 
tions might  easily  reverse  the  situation.  For  some  time  there  has 
been  a  good  demand  for  the  short-fed  steer,  and  feeders  have  been 
inclined  to  let  them  go  in  an  unfinished  condition.  These  conditions 
may  not  hold  for  any  length  of  time,  for  if  too  many  join  the  ranks  of 
short  feeders  the  price  of  short-fed  cattle  may  not  be  commensurate 
with  the  long-fed,  as  there  are  some  consmners  who  demand  prime 
beef  from  the  finished  steer.  The  success  of  the  feeder  will  depend  on 
his  skill  in  buying,  feeding,  and  in  forecasting  market  conditions. 

COVTAGIOXra  ABOBTIOV  OF  CATTLE.^ 

TUm  is  a  disease  with  which  every  cattle  raiser  and  dairyman  should 
be  acquainted,  as  it  is  liable  to  be  introduced  into  his  herd,  and  a 

a  Compiled  frcHn  Ariaona  Sta.  Bui.  51;  Connecticut  Stone  Sta.  Rpt  1907,  p.  139; 

Kansas  Sta.  BuL  136;  U.  S.  Dept  Agr.,  Bur.  Anim.  Indus.  Giic.  67;  Jour.  Compar. 

Path  and  Ther.,  19  (1906),  No.  3,  p.  191.    See  also  U.  S.  Dept.  Agr.,  Farmers'  Bui. 

237,  p.  32. 
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all  discharge  is  stopped.  It  is  somewliat  risky  to  use  this  treatmeot  with 
cows,  but  in  this  case  a  tablespoonfol  ci  sodium  hyposulphite,  once  in  tweoty-fov 
houn,  should  be  given  as  a  drench.  All  of  these,  with  directiaiiB  for  using,  msy  be 
obtained  at  nearly  any  drug  store. 

During  the  past  few  years  Prof.  Bernard  Bang,  of  Denmark,  has 
carried  on  experiments  in  attempting  to  immmiize  cows,  sheep,  and 
goats  against  the  disease.  He  has  observed  that  aborting  cows 
acquire  a  certain  degree  of  immunity.  His  treatment  produced 
abscesses  and  other  symptoms  of  reaction,  but  considerable  immimity 
resulted,  and  he  hopes  that  this  method  of  vaccination  will  ultimately 
give  a  means  of  controlling  the  disease. 

PBEVEVTDra  LOSSES  AT  LAKBDrG  THEE.* 

During  the  lambing  season  of  1908  there  was  such  a  heavy  loss 
of  lambs  in  Virginia  that  W.  J.  Quick  and  A.  P.  Spencer,  of  the  Vir* 
ginia  Experiment  Station,  made  an  investigation  into  the  causes  of 
this  exceptional  loss,  with  a  view  to  suggesting  means  of  reducing 
such  losses.  The  facts  recorded  and  the  conclusions  drawn  from  the 
investigation  have  a  wide  practical  application. 

It  was  found  that  ''in  73  flocks  visited  961  lambs  were  lost  out  of 
5,252  dropped,  or  19  per  cent.  In  65  flocks  reported  by  letter,  1,478 
lambs  were  lost  out  of  8,068  dropped,  or  18  per  cent.  Figuring  on 
this  basis  for  the  State  as  a  whole,  70,147  lambs,  valued  at  $350,375, 
were  lost  in  Virginia  during  the  lambing  season  of  1908. 

' '  The  estimated  loss  from  natural  and  impreventable  causes  was 
14,029  lambs,  valued  at  $70,145.  The  estimated  loss  from  prevent- 
able causes  was  56,118  lambs,  valued  at  $280,590.''  The  loss  due 
to  (1)  cold  and  exposure  was  40  per  cent;  (2)  lack  of  milk,  31  per 
cent;  (3)  weakness,  9  per  cent;  (4)  disease  and  accident,  3  per  cent; 
(5)  worrying  by  dogs,  1  per  cent;  (6)  natural  causes,  16  per  cent. 

Deaths  from  natural  causes  are  classed  as  those  for  which  no  spe- 
cific reason  could  be  given.  ''In  large  flocks,  even  with  the  best  of 
care,  a  small  percentage  of  lambs  will  be  lost.  This  is  particularly 
true  where  the  number  and  the  conditions  are  such  that  individual 
ewes  can  not  be  separated  immediately  before  lambing.  It  was 
apparent  that  some  losses  reported  as  natural  were  due  to  inat- 
tention." 

While  the  conditions  observed  in  this  investigation  were  imdoubt- 
edly  exceptional  and  the  percentage  of  preventable  loss  given  is 
probably  imusually  large,  it  is  safe  to  say  that  as  a  rule  the  danger 
of  loss  at  lambing  time  is  sufficiently  great  to  make  it  wise  for  sheep 
raisers  generally  to  give  more  attention  to  protective  measures.  To 
this  end  Professors  Quick  and  Spencer  suggest  that  more  attenticm 
should  be  given  to  the  selection  of  vigorous  breeding  stock  and  to 

a  Compiled  from  Virginia  Sta.  Bui.  178. 
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pioTiding  suitable  protection  against  the  weather.  Expensive  sheds 
&re  not  considered  necessary,  but  ewes  and  young  lambs  should  have 
some  protection  from  the  north,  east,  and  west  winds.  Sufficient 
sbelter  room  should  be  provided  to  accommodate  the  entire  flock 
-without  crowding.  About  12  square  feet  of  floor  space  should  be 
allowed  per  sheep. 

There  should  be  a  wanner  arrangement  for  ewes  when  they  drop  in  bad  weather 
and  each  ewe  should  be  separated  from  the  flock  when  she  lambs.  The  location 
should  be  high  and  dry.  The  building  should  be  liberally  supplied  with  bedding 
to  prevent  dampness  and  insure  cleanliness.  A  yard  should  be  attached  having  a 
dog-proof  fence. 

In  this  the  sheep  should  be  confined  every  night  as  soon  as  the 
weather  becomes  imfavorable. 

The  most  favorable  time  for  lambs  to  drop,  if  intended  for  the  June 
market,  is  apparently  between  February  15  to  March  1. 

Lambs  dropped  before  this  date  suffer  the  hardships  of  the  winter,  and  unless  the 
ewes  are  very  libenlly  fed  do  not  get  sufficient  milk  to  make  them  grow  rapidly. 
These  lambs  become  more  or  less  stunted  and  have  not  a  plump  and  attractive  appear* 
ance  when  marketed.  There  is  also  a  greater  possibility  for  loss  with  these  lambs, 
and  a  much  longer  season  for  heavy  feeding  with  the  ewes,  wn^Ving  an  additional 
expemae  without  a  corresponding  increase  in  weight,  while  lambs  dropped  after 
February  15  are  less  liable  to  loas  from  the  most  severe  winter  weather. 

The  great  loss  due  to  lack  of  milk  can  be  largely  prevented  if  the 
ewes  for  a  month  previous  to  lambing  receive  palatable  foods  rich 
in  protein.  A  mixed  grain  ration  of  oats,  com,  and  bran  is  consid- 
ered preferable  to  any  of  these  grains  fed  alone,  ''but  in  case  it  is 
desired  to  feed  any  one  alone,  oats  are  most  suitable.  Com  alone 
is  not  very  satisfactory,  as  it  has  a  tendency  to  produce  weakened 
lambs  and  a  small  ndlk  flow."  Clover,  cowpea,  or  soy-bean  hay, 
com  silage,  turnips,  sugar  beets,  and  well-cured  com  fodder  may 
constitute  the  greater  portion  of  the  bulky  ration.  ''It  is  very 
important  to  have  sufficient  feeding  room,  as  the  danger  from  crowd- 
ing and  pushing  when  ewes  are  heavy  in  lamb  is  veiy  great  and 
likely  to  cause  some  cases  of  abortion." 

The  flock  should  be  closely  watched  at  lambing  time,  for  frequently 
a  Iamb  can  be  saved  if  an  attendant  is  present  at  the  proper  time. 

The  young  ewes  especially  often  require  assistance  in  lambing.  If  a  ewe  does  not 
drop  her  lamb  within  a  reasonable  length  at  time  after  labor  pains  are  noticeable, 
there  is  a  cause  for  the  delay.  Frequently  a  lamb  is  coming  with  its  head  bent  back 
over  its  shoulder,  or  perhaps  twins  are  coming  together,  or  some  other  unnatural 
position. .  A  little  manipulation  of  the  fetus  wiU  frequently  straighten  out  the  diffi- 
culty, thereby  saving  the  life  of  the  lamb,  and  not  infrequently  that  of  the  ewe. 

Some  ewes  refuse  to  own  their  lambs,  and  other  ewes  refuse  to  let  the  lambs  nurse. 
Some  ewes  wiU  accept  strange  lambs.  When  a  ewe  loses  her  lamb  it  is  advisable 
to  keep  up  her  milk  flow  by  milking,  as  she  will  frequently  accept  a  strange  lamb 
if  it  is  given  to  her  coon  after  lambing.  Frequently  a  set  of  triplets  or  twins  are 
dropped  by  a  ewe  and  she  has  not  sufficient  milk  to  properly  nourish  all.    If  the  ewe 
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that  has  loet  her  own  lamb  is  placed  in  a  clom  pen  and  away  from  other  oheep  At 
will  raadily  adopt  one  of  the  twins  or  triplets,  thereby  raising  a  good  laxub  '"^^^^ti 
of  running  idle  and  becoming  too  tat  for  breeding  the  following  season.  An  orphaa 
lamb  may  often  be  given  a  ewe  that  has  just  loet  a  lamb  if  the  dead  lamb  ia  rubbed 
over  the  strange  lamb  while  wet,  or  the  skin  of  the  dead  lamb  tied  on  the  orphan, 
since  the  ewe's  affections  are  directed  by  the  odor  of  her  lamb.    •    •    * 

While  the  low  from  doge  in  repoKed  as  comparatively  small,  the  dog  nuisance  is 
neverthelesa  a  great  detriment  to  the  sheep  industry  of  Virginia.  The  direct  kM> 
from  sevete  chasing  and  worrying  is  often  not  so  great  as  the  loss  that  follows.  Breed< 
ing  ewes  that  have  been  badly  worried  and  frightened  rarely,  if  ever,  entirely  recovn. 
The  result  is  usually  weak  and  inferior  lambs  at  the  next  lambing  Beaaon,  with  aome 
abortions  and  many,  abnormal  presentations  of  the  fetus.  In  fact,  many  breeders 
of  regist«red  sheep  consider  their  breeding  flock  almost  ruined  after  having  been 
severely  chased  by  dogs.  Frequently  a  large  number  of  ewes  will  not  breed  for  some 
time  aft«r  being  chased  and  badly  fr^htened. 

The  remedy  for  this  nuisance  is  of  course  an  efficient  dc^  law 
rigidly  enforced.     In  the  absence  of  this  legal  protection  resort  may 

be  had  to  dog-proof 
fences  and  like 
means  of  protec- 
tion. At  best,  how- 
ever, such  fences 
are  expensive.  A 
dog-proof  fence 
constructed  at  the 
experiment  station 
at  a  cost  of  65  cents 
per  rod  is  described 
aa  follows  (fig.  1): 

The  woven-wire  fence 
consistB  of  IT  horisontal 
wires,  the  three  lower 
wires  1}  inches  apart,  the  width  between  wires  gradually  increuing  to  5  inches  at 
top.  The  vertical  Btaya  are  6  inches  apart.  The  wire  is  fastened  to  poet«  set  25  feet 
apart,  the  bottom  wire  being  3  inches  from  the  ground.  One  barbed  wire  ia  set  inid< 
way  between  the  bottom  horizontal  wireand  the  ground.  One  barbed  wire  ufnsUiited 
to  the  poota  3  inches  higher  than  the  top  wire.  Two  barbed  wiree  are  attsdted  8 
inches  apart  to  pieces  of  2  fay  6  scantling  nailed  to  the  poeta  above  the  wire  with 
20-penny  nails.    Theee  pieces  are  set  outwaid  and  upward  with  the  poets. 

Ooito/materialt. 

Caita. 

Red  cedar  posts each. .  12} 

Woven-wire  fence «., .  -per  rod. .  37} 

Four  barbed  wires do K 

Total do te 

The  2  by  4  scantling  coats  about  $18  per  thousand  aitd  adds  about  1  cent  per  vti 
to  cost  of  the  fence. 
Any  other  closely  constructed  fence  would  answer  the  avne  purpooe. 


— Dog-pioof  icnoe. 
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WnrTEB  LAKBS  FOB  THE  PACIFIC  COAST  MABEET.'' 

Believing  that  there  was  a  ready  market  for  winter  lambs  in  San 
Francisco  at  Easter  time,  as  well  as  in  the  Eastern  States,  Professor 
True,  of  the  Nevada  Experiment  Station,  raised  some  crossbred 
Dorset-Merinos  for  this  purpose. 

In  the  spring  of  1905  thirty  half-blood  Dorset  ewes  were  ready  for  the  experiment. 
They  were  turned  in  with  the  ram  the  middle  of  July,  with  the  result  that  U^nbs  were 
bom  from  December  10  to  February  21.  Ten  ewes  lambed  in  December,  thirteen  in 
January,  and  seven  in  February. 

It  wUl  be  remembered  that  the  month  of  December  and  a  part  of  January  were  char^ 
acterized  by  unusually  stcmny,  wet  weather.  Half  of  the  lambs  came  during  this  time 
of  snow  and  mud,  and  the  only  shelter  they  had  was  that  furnished  by  a  shed  boarded 
up  tor  not  more  than  3  feet  above  the  ground.  In  spite  of  these  adverse  conditions, 
the  lambs  made  a  very  satis&ctory  gain  of  over  four  poimds  a  week.  The  ewes  were 
fed  alfalfa  hay,  chopped  roots,  and  grain  consisting  of  a  mixture  of  barley  and  bran. 
The  lambs  were  also  fed  grain  separately. 

The  attempt  to  find  a  market  for  the  lambs  when  grown  resulted  vtoy  satis^torily. 
To  begin  with,  Reno  and  Goldfield  butchers  and  the  Palace  Hotel  of  San  Francisco 
offered  20  cents  a  pound,  dressed  weight,  for  the  lambs.  After  receiving  the  first  ship- 
ment of  lambs,  however,  the  Palace  Hotel  wired  an  order  for  more  at  35  cents  a  pound 
on  board  the  cars  at  Reno,  and  took  all  that  we  could  supply  at  that  price. 

From  this  experience  it  is  apparent  that  at  least  there  is  a  limited 
market  in  San  Francisco  for  first-class  lambs  throughout  the  winter 
season. 

FEEDnra  wobk  hobses.'> 

The  subject  of  an  efficient  and  economical  feed  for  work  horses  is 
one  that  is  of  interest  not  only  to  all  farmers  but  to  ^  large  number  of 
people  who  live  in  towns  and  cities.  The  grocer  and  butcher  as  well 
as  the  liveryman  and  the  head  of  an  express  or  transfer  company  are 
vitally  interested  in  knowing  what  ration  will  give  the  greatest  effi- 
ciency at  the  least  cost. 

There  is  a  widespread  belief  among  horse  owners  that  no  grain  is 
equal  to  oats  as  an  efficient  fee^  for  horses  and  that  no  matter  how 
high  the  ppdce  of  oats,  no  other  grain  can  be  used  as  a  substitute  for 
them. 

In  order  to  test  the  accuracy  of  this  belief,  B.  E.  Carmichael,  of  the 
Ohio  Station,  began  in  the  spring  of  1907  an  extensive  series  of  ex- 
periments to  test  the  relative  value  and  efficiency  of  oats  and  com  as  a 
grain  ration  for  work  horses. 

With  this  in  view,  three  teams  of  grade  Percheron  geldings  were 
taken;  these  horses  were  used  for  general  farm  and  team  work  on  the 
station  farm.  The  horses  in  each  team  were  about  the  same  age; 
one  was  fed  on  oats  and  the  other  on  com.    The  plan  was  to  feed  as 

«  Compiled  from  Nevada  Sta.  Bui.  63.        &  Oompiled  from  Ohio  Sta.  Bui.  195. 
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much  ear  com  by  weight  as  oats.  All  the  hoises  received  as  much 
mixed  clover  and  timothy  hay  as  they  would  eat.  The  experiment 
reported  was  continued  forty-eight  weeks.  The  variations  in  weight 
of  the  corn-fed  horses  were  practically  the  same  as  those  of  the  horses 
receiving  oats;  nor  was  it  noticed  that  there  was  any  difference 
in  spirit  or  endurance  between  the  mates  of  each  team. 
In  regard  to  the  comparative  cost  of  the  feeds  it  is  stated  that — 

Under  the  ma^et  conditioiiB  that  pcevmiled  during  the  experiment  the  saTiiig  firam 
the  uae  of  com  was  very  marked — appgoTimately  10  cents  per  day  £or  each  hotse  ix* 
the  entire  forty-eight  weeks.  Market  conditionB  ahoold  always  be  bome  in  mind,  as 
there  may  be  times  during  which  oats  would  be  cheaper  than  com,  and  they  should,  d 
course,  be  used  whenever  cheaper. 

Some  preliminary  conclusions  drawn  from  the  first  year's  experi- 
ment are  as  follows: 

While  the  work  reported  in  this  bulletin  has  not  been  conducted  fat  a  sufScient 
length  of  time  nor  with  enough  animals  to  justify  any  very  compr^ensive  statements, 
yet  it  seems  that  some  facts  have  been  pretty  well  established .  Ihe  work  is  being  con- 
tinued, and  it  is  hoped  that  the  cumulative  effects,  if  any  result,  of  the  long^ontinued 
use  of  grain  rations  made  up  exclusively  of  com  and  of  oate  may  be  determined.  The 
following  statements,  based  upcm  the  work  done  thus  &ur,  seem  to  be  warranted  by  the 
data  presented  heretofore.  It  must  be  understood  that  the  horses  were  mature  geld- 
ings and  that  mixed  clover  and  timothy  hay  was  fed. 

The  corn-fed  horses  endured  hard  work  during  hot  weather  as  well  as  did  the  oate-f ed 
horses. 

The  use  of  com  to  the  exclusion  of  other  grain  for  a  period  of  forty-eight  weeks  was 
not  detrimental  to  the  health  <d  work  horses. 

The  use  of  com  for  work  horses  did  not  induce  laziness  and  lack  of  endurance. 
Neither  did  the  use  of  oats  induce  increased  spint  and  endurance. 

When  mixed  (clover  and  timothy)  hay  was  fed  to  mature  geldings  at  general  farm 
work,  ear  com  was  practically  as  efficient,  pound  for  pound,  as  oats. 

On  the  basis  of  the  results  of  this  experiment  and  statistical  records  of  farm  values  ol 
grains,  com  has,  since  1866,  been  cheaper  than  oats  as  a  grain  feed  for  work  horses. 

It  is  planned  to  continue  this  work  for  a  number  of  years  and  thus 
eliminate  any  variations  that  may  be  due  to  individual  horses. 

During  the  second  year  the  horses  received  reversed  rations,  that 
is,  the  corn-fed  horses  received  oats  aJ  d  vice  versa.  It  should  aJso  be 
noted  that  the  variation  in  weight  during  twelve  weeks,  when  the 
corn-fed  horses  received  shelled  com  instead  of  ear  com,  seems  to 
indicate  that  the  shelled  com  was  not  so  thoroughly  masticated  and 
therefore  less  efficient. 

Station  work  with  various  rations  for  horses  has  been  repeated  in 
a  previous  bulletin  of  this  series.^ 

COLOlfT  HOUSES  FOB  POTTLTBT.<» 

The  main  requirements  of  a  good  poultry  house  are  good  ventflation 
and  protection  from  storms  and  cold  winds.    Hens  will  not  lay  when 

a  U.  8.  Dept.  Agr.,  Farmers'  Bui.  316,  p.  22. 

b  Compiled  from  Arkansas  Sta.  Bui.  99;  Oregon  Sta.  Circ.  4;  Utah  Sta.  Bui.  102. 
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weatiier  conditions  prevent  them  from  scratching  and  exercising. 
Many  poultry  houses  have  failed  because  the  variations  in  night  and 
day  temperatures  were  too  great.  ^  At  many  of  the  experiment-  sta- 
tions it  has  been  foimd  that  open-front  houses  are  more  successful 
than  houses  with  glass  windows. 

J.  Dryden  and  A.  G.  Lunn,  in  a  circular  of  the  Oregon  Station,  state 
that— 

• 

Ventilation  can  beet  be  fumished  by  leaving  one  end  of  the  house  open  or  covered 
with  burlap  or  canvas,  using  no  glass  windows  unless  necessary  for  light.  The  idea 
of  building  a  warm  house  should  be  abandoned.  It  is  shelter  that  is  needed.  The 
house  should  be  built  in  such  a  way  that  the  fowls  will  not  roost  near  the  open  front 
where  they  would  be  exposed  to  winds;  nor  should  it  ^e  the  prevailing  winds.  A 
long  house  is  more  expensive  to  build,  for  a  given  capacity,  than  one  more  nearly 
square.  A  long,  narrow  house  is  also  a  cold  house,  having  more  exposed  sur^e  for  i 
given  capacity  than  a  square  house. 

The  size  of  house  necessary  for  a  certain  flock  will  vary  in  different  sections. 
Wher^  there  is  little  or  no  snow  and  where  the  fowls  can  be  outdoors  every  day  in  the 
year,  two  square  feet  of  floor  space  per  fowl  will  be  ample.  Where  the  climate  is  such 
that  the  fowls  will  seek  shelter  part  of  the  year,  rather  than  go  outdoors  on  the  range, 
consid^ubly  more  space  should  be  provided,  say  four  to  fi  ve  squai e  feet  per  fowl .  The 
idea  should  be  not  to  crowd  them  so  much  that  their  activity  will  be  interfered  with. 
Whether  the  shelter  is  provided  by  enlarging  the  house  or  providing  cheap  scratching 
sheds  is  immaterial.  Two  square  feet  per  fowl,  or  even  less,  is  ample  for  roosting 
quarters. 

W.  S.  Jacobs,  of  the  Arkansas  Station,  states  that — 

Rooets  should  be  made  low  or  near  the  ground — ^not  higher  than  2  feet.  There  are 
several  reasons  for  this.  Fowls  of  the  heavier  breed  can  not  fly  high,  and  those  of  the 
lighter  breeds  frequently  injure  the  soles  of  their  feet  in  jumping  from  high  perches. 
Rooets  should  be  made  all  the  same  heights;  for  if  they  are  made  some  higher  than 
others  the  birds  will  all  flock  to  the  highest  ones  and  crowd,  which  is  undesirable. 

When  dropping  boards  are  used  they  should  be  low  down,  to  permit  of  easy  cleaning. 
They  should  be  made  of  matched  lumber  and  be  20  inches  wide  for  one  perch  and  3 
feet  wide  for  two  perches,  the  first  perch  placed  at  least  10  inches  from  tiie  wall.  A 
good  roost  may  be  made  from  material  2  by  2  inches,  then  slightly  rounded  on  the 


According  to  Dryden  and  Limn — 

Poultry  keeping  is  most  successful  where  the  colony  system  prevails.  The  colony 
Bystem  means  the  housing  of  fowls  in  small  houses,  preferably  portable,  where  the 
fowls  have  free  range.  The  chief  advantage  is  that  the  fowls  are  more  active  or  busier 
than  when  confined  in  yards;  second,  there  ia  less  danger  from  outbreaks  of  disease,  as  it 
is  possible  to  keep  the  houses  on  clean  ground  by  moving  them  occasionally;  and  third, 
the  fowls  require  less  i^eding  and  care,  as  they  pick  up  considerable  food  on  the  range. 
Another  advantage  of  this  system  is  that  the  fowls  will  rid  the  farm  of  many  injmious 
insects,  such  as  graaahoppers.  Then,  the  colony  system  wlU  fit  in  with  crop  rotations 
and  for  part  ol  the  year  the  fowls  will  live  on  the  stubble  fields. 

Figure  2  represents  a  successful  colony  house  with  a  cloth  front, 
which  was  used  at  the  Utah  Experiment  Station.  The  trap  nests  in 
the  rear  of  the  building  can  be  opened  from  the  outside  (fig.  3).    Fig. 
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4  is  an  illustration  of  a  Rhode  Island  closed-front  house.  A  good 
size  to  build  a  colony  house  is  7  by  12,  which  is  lai^  enou^  to  ao- 
commodate  30  to  40  fowls,  yet  is  not  too  heavy  to  be  drawn  by  a  pair 
of  horses  when  it  is  desired  to  move  it  to  a  new  location.    Below  an 


Fia.  2.— UUh  Station  colony  btnue  with  doth  window. 

given  the  details  for  constructing  a  colony  house  (fig.  6}  of  Uiis  size, 
as  recommended  by  the  Oregon  Experiment  Station. 

Constrootton  of  the  colony  boiwe.— The  ruimen  are  made  of  3-tiich  by  fi-iatA 
by  14-foot  roug^  material  and  act  aa  aide  siUa  for  tlie  house.    They  dtould  be  beveled 


Tio.  S.—UUb  6t«tioa  cokmf  bouae  BhowlDC  t[^>  onls  opmlns  at  Ua  tMT. 

atends,  in  order  toalide  easily.  ThecroesBillsareS  inches  by4incheBb]r7lset.  "nnf 
are  set  2  inches  into  the  runners  and  12  inches  fnxn  the  ends.  Kid  Iwttwifnl  with  (• 
inch  bolts.  When  the  siding  is  put  on  vertically  there  is  no  studdii^  used.  The 
plates  are  2  inches  by  3  inchee  by  12  feet,  halved  at  each  end .  To  the  plates  are  nailed 
the  l-inch  by  12-mch  by  &-foot  side  boards,  and  thwe  we  battwied  with  l-inch  by 
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S-tucli.  'Die  riding  is  nailed  flush  with  the  topofpUteand  UpflS  iochnon  nuinen. 
TheiDof  is  one- third  pitch,  or2feet4incheBatpeakftDmtopliDeofpUtM.  Theraare 
five  pain  of  nfton,  cut  with  a  l-iach  plumb  cut  at  plate.    The  roof  boards  are  l-inch 


Fig.  i.~.\  RhiMla  laluid  dosad'Ir 


by  3-inch  material,  aet  3  inches  apart.  The  roof  is  shingled  and  laid  6  inches  to  the 
veather.  The  front  is  covered  with  1-inch  mceh  wire.  The  ctvnice  is  madeof  1-inch 
by  S-inch  boards  and  projects  5  inchee  outside  of  wills.    The  Meie  board,  1  inch  by 


Iia,  &.— Ongon  SMtloa  colon;  hoiue. 

4  inches,  is  nailed  up  tight  against  the  cornice.  The  door  is  2  feet  by  6  feet  and  made 
from  1-inch  by  3-inch  material.  The  nest  platform  is  2  feet  £rom  the  ground.  It  is 
nailed  to  a  cleat  on  the  side  of  the  house  and  braced  bom  topoE  runner.  The  platform 
is  22  inches  by  6  feet.    The  nests  are  made  of  5-gallon  oU  cans,  the  top  and  partof  froat 
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Yfitii  the  Strang  floans  the  pioportaaQ  150  gnmB  fkmr,  12  gnms 
butter,  and  8  gimnis  baking  powder  gave  the  beat  reaoltB.  As  ragaidi 
oven  tenq>eratarey  450^  F.  proved  most  satisftifctoiy.  Tlie  Idsb  m 
weight  in  baking  the  biscuits  ranged  from  14  to  22  per  oeiit  of  the 
initial  weight.  With  the  soft  flours  and  the  Mend  much  the  same 
range  of  loss  in  weight  in  baking  was  noted. 

As  regards  the  relative  value  of  the  different  sorts  of  flour  for  the 
purpose  studied,  the  author  concludes  that  ''other  things  b^ng  equal, 
soft  wheat  flours  make  tenderer  milk  biscuits  than  strong  vdie&t 
flour." 


CKren  a  strong  wheat  floor  dofogji  and  a  soft  wheat  flour  doi^  ol  equal 
and  snitable  for  milk  biacuits,  the  soft  wheat  floor  doo^  is  the  easier  to  handle. 

At  the  present  prices  of  the  diflerent  floon  the  strong  wheat  floor  bncuitB  OGit 
more  than  soft  wheat  floor  biscoitfi. 

It  is  possible  that  a  haget  proportion  of  fat  used  with  the  strong  iHieat  floor  wonid 
yield  biscoits  of  tenderness  eqoal  to  those  of  ooft  idnatflom^  but  the  coat  of  tat 
that  method  of  improvement  a  diaadvantage. 


[A  list  giving  the  titles  of  aU  Farmen'  BoUetina  availafale  lor  <&tiftiitioo  wifi  be 
sent  free  opon  triplication  to  a  Member  of  Congreea  or  the  Secretary  of  Agricohiire.] 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agriculture, 

Office  of  Experiment  Stations, 

Washingtoriy  D.  C,  April  I4,  1909. 

Sir:  I  have  the  honor  to  transmit  herewith,  and  recommend  for 
publication  as  a  Farmers'  Bulletin,  an  article  on  household  methods 
of  handling  and  storing  food,  by  Mrs.  Mary  Hinman  Abel. 

In  this  bulletin  Mrs.  Abel  has  summarized  the  results  of  experi- 
ments and  tests  specially  undertaken  for  it,  as  well  as  experience 
obtained  in  the  practical  handling  of  such  problems.  The  informa- 
tion thus  collected  has  been  supplemented  by  general  data  gathered 
from  the  publications  of  the  agricultural  experiment  stations,  agri- 
cultural colleges,  reports  of  state  boards  of  health,  government 
documents,  and  other  sources  of  information. 

The  questions  considered  have  to  do  with  the  economical  use  in 
the  home  of  the  products  of  the  farm,  dairy,  and  garden,  and  also 
with  the  subject  of  household  hygiene.  These  are  subjects  of  interest 
to  the  housekeeper  in  both  rural  regions  and  town,  and  the  bulletin 
has  been  prepared  with  a  view  to  meeting  the  numerous  requests 
received  at  the  Department  of  Agriculture  for  information  along  such 
lines. 

Respectfully, 

A.  C.  True, 

Director. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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CARE  OF  FOOD  IN  THE  HOME. 


nrTEODxrcTiOH. 

The  woman  who  presides  over  a  household  should  consider  as 
one  of  her  most  important  functions  the  purchase  of  food  and  its 
storage  preliminary  to  use  in  the  kitchen.  Should  she  be  Uving  on 
a  farm  she  will  buy  less  in  amount  than  the  woman  who  lives  in  the 
town  or  city,  but,  on  the  other  hand,  the  storage  of  food  will  de- 
mand more  of  her  attention.  In  both  cases,  if  intelligence  and  care 
are  lacking,  financial  loss  will  ensue  and  the  family  table  wiU  be 
less  attractive  and  wholesome  than  it  should  be. 

Most  families  have  traditions  and  well-established  customs  to 
guide  them  in  the  handling  and  storing  of  foods,  but  since  the  cus- 
toms of  one  family  may  differ  widely  from  those  of  another,  it  is 
well  to  examine  and  compare  them  in  order  to  select  the  best.  Scien- 
tific investigation  has  also  thrown  light  on  many  of  the  processes 
concerned  and  the  result  of  such  labors  should  be  at  the  service  of 
the  householder.  The  health  and  efficiency  of  the  family  is  the 
chief  object  of  her  care,  and  it  is  an  end  well  worth  the  effort. 

TEASTS,  HOLDS,  AHD  BACTEBIA,  AHD  THE  SPOnnTG  OF  FOOD. 

In  the  buying,  storing,  and  handling  of  food  it  is  most  important 
that  we  realize  the  causes  of  what  is  called  the  ^'spoiling"  of  food. 
This  knowledge  is  comparatively  recent. 

THB  NATXTBE  OF  YBASTS,  HOLDS,  AND  BACTEBIA. 

Countless  numbers  of  tiny  Uving  things  called  micro-organisms,  a 
word  meaning  simply  ''small  living  things,"  are  everywhere  found 
which  will  grow  in  the  food  man  has  prepared  for  his  own  use  and 
cause  it  to  spoil.  Indeed,  the  kind  of  food  required  by  man  and 
animals  seems  to  be  that  which  is  also  best  suited  to  these  micro- 
scopic plants. 

It  is  this  very  demand  for  highly  organized  food  which  brings  them 
into  such  close  relation  to  aU  problems  that  concern  the  food  of  man. 
These  microscopic  plants  flourish  in  the  kitchen,  storeroom,  ice  box, 
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milk  room,  and  cellar.  If  the  conditions  are  favorable  they  repro- 
duce themselves  with  incredible  rapidity,  one  bacterium  in  the 
course  of  a  day  producing  a  million  more  minute  plants  like  itself. 
The  bulk  of  these  minute  forms  of  life  are  harmless,  at  least  under 
usual  conditions;  some  are  useful,  like  those  which  ripen  milk;  and 
many  are  harmful,  since  they  cause  waste  or  may  be,  what  is  much 
more  serious,  a  direct  cause  of  disease. 

Molds,  yeasts,  and  bacteria  may  be  found  in  the  cleanest  room, 
but  they  exist  in  far  greater  numbers  in  dirty  quarters,  where,  for 
instance,  crumbs  of  food  have  been  allowed  to  decay  and  dust  to 
accumulate.  Not  only  do  the  micro-organisms  appropriate  our 
food,  with  the  result  that  the  food  sours,  rots,  or  putrefies,  but  they 
sometimes,  in  addition,  leave  behind  disagreeable  consequences  like 
the  musty  and  moldy  odor  and  flavor  of  some  spoiled  foods,  or  the 
substances  called  ptomaines,  which  are  sometimes  poisonous.  The 
housekeeper's  success  in  preserving  food  from  deterioration  de- 
pends very  largely  on  her  ability  to  reduce  the  number  of  these  un- 
bidden guests  to  the  lowest  possible  limit. 

The  science  of  bacteriology  has  given  us  a  new  meaning  for  the 
scrubbing,  airing,  and  sunning  that  for  many  generations  good 
housekeepers  have  successfully  practiced;  it  shows  us  that  the 
storing  and  handling  of  foods  are  essentially  bacteriological  ques- 
tions, and  on  that  account  some  knowledge  of  the  nature  of  these 
microscopic  plants  is  here  in  order. 

YBASTS  AND  THEIB  UTILIZATION. 

Not  until  millions  of  yeast  cells  are  massed  together  do  they  be- 
come visible  to  the  eye  as  in  the  compressed  yeast  cake.  Yeast 
plants  are  practically  everjrwhere  and  are  of  many  varieties,  some 
being  called  '^wild  yeasts,"  in  distinction  from  those  we  have  learned 
to  cultivate  for  the  making  of  bread  and  brewing  of  beer,  and  the 
fermentation  of  wine  and  cider.  The  old-fashioned  method  of  making 
*' milk-rising"  or  *' salt-rising"  bread  depended  on  wild  yeast  fall- 
ing into  the  dough  and  causing  the  bread  to  rise,  a  method  not 
always  successful,  because  other  organisms,  the  bacteria,  also  had  a 
chance  at  the  dough  and  sometimes  got  the  better  of  the  yeast  in 
the  struggle  for  food,  and  the  result  of  their  life  in  the  dough  was 
sour  or  bitter  bread. 

Even  when  we  are  able  to  utiUze  the  life  processes  of  the  yeast 
plant,  its  good  offices  are  paid  for  with  a  certain  amount  of  food 
material;  thus,  when  introduced  into  the  bread  dough  it  breaks  up 
part  of  the  sugar  present  into  alcohol  and  carbonic-acid  gas,  and  the 
gas  becomes  tangled  and  stretches  out  in  the  glutenous  mass,  niRlring 
the  porous  loaf  which  at  the  right  moment  is  stiffened  by  the  heat  of 
the  oven. 
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In  the  same  way  the  wild  yeast  attacks  the  sugar  m  the  stewed 
fruit  that  has  stood  exposed  on  a  warm  day,  or  the  jelly  left  un- 
covered, or  sometimes  even  when  apparently  covered,  only  in  these 
cases  the  gas  evolved  serves  no  useful  purpose  and  the  fermentation 
ruins  the  taste  of  the  food. 

Yeasts  grow  best  at  a  temperature  of  70  to  90°  F.;  therefore,  food 
that  is  to  be  protected  from  their  action  must  be  kept  well  below  this 
point. 

HOLDS  AND  THBIB  PBBVBNTION. 

The  appearance  of  mold  as  growing  on  bread,  cheese,  and  other 
foods  is  familic^r  to  every  housewife;  mildew  on  cloth  is  a  less  com- 
monly recognized  form  of  mold. 

The  spores  (i.  e.,  the  minute  reproductive  bodies)  of  the  different 
varieties  of  mold  are  everywhere  present,  and  they  need  only  warmth 
and  moisture  to  enable  them  to  grow  on  many  kinds  of  food.  These 
organisms  are  always  at  work  in  damp  cellars  and  in  dark  and 
damp  comers  of  rooms;  they  are  borne  on  the  feet  of  insects,  they 
are  on  the  skins  of  all  fruits,  and  in  the  dust  flying  in  the  air.  They 
are  not  fond  of  light  and  they  require  no  great  abundance  of  air, 
flourishing  best  in  foods  that  are  piled  close  together,  leaving  small 
imdisturbed  air  spaces  and  moistmre.  They  always  start  on  the 
surface  and  throw  their  thread-like  filaments  down  into  the  sub- 
stance below.  Take,  for  example,  a  fine  ripe  apple  and  closely  ex- 
amine the  skin.  If  it  is  in  good  condition  and  attractive  it  is  almosb 
certain  that  the  flesh  is  protected  in  the  natural  way  by  an  unbroken 
skin  which  resists  the  entrance  of  molds  and  other  micro-organisms. 
If,  however,  the  apple  has  begun  to  spoil,  it  is  almost  certain  that  the 
skin  has  been  broken. 

When  fruits  touch  each  other,  the  point  of  contact  is  likely  to 
be  moister  than  the  rest  of  the  fruit,  and  for  this  and  other  reasons 
it  is  a  favorite  place  for  the  starting  of  mold  or  other  growth.  If 
the  skin  is  perfectly  firm  and  we  rub  it  with  a  clean  cloth  to  dry  it 
and  to  remove  as  many  as  possible  of  the  mold  germs,  then  wrap  the 
apple  in  soft  paper  and  put  it  in  a  cold  place,  precautions  have  been 
taken  which  should  hinder  or  prevent  decay.  If,  however,  the  fruit 
is  kept  in  a  warm  and  damp  place,  and  touching  other  fruits,  its  decay 
is  certain.  In  dealing  with  all  varieties  of  microscopic  life  we  have 
learned  that  to  prevent  them  from  getting  a  start  is  the  all-important 
thing.    The  growth,  once  begun,  is  difficult  to  arrest. 

The  first  requisite  is  absolute  cleanliness  in  the  storage  place.  This 
is  not  to  be  attained  by  the  use  of  soap  and  water  alone.  Fresh  air, 
sunshine,  and  whitewash  are  important  aids.  Shelves  should  be 
washed  clean  and  then  dried ;  but  the  undue  use  of  water  should  be 
avoided,  as  moisture  is  one  of  the  chief  requisites  of  growth.    A 
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cellar  may  be  kept  dry  by  placing  in  it  dishes  of  unslaked  lime,  nviuch 
takes  up  the  moisture  with  avidity.  When  the  lime  crombleB  i4>ait, 
losing  entirely  its  crystalline  character,  it  has  become  ''slaked/'  wffl 
take  up  no  more  water,  and  must  be  renewed. 

The  growth  of  most  molds  is  retarded  by  light,  ventilation,  and 
low  temperature.  Light  and  ventilation  are  important.  The  right 
degree  of  cold  for  each  different  product  has  been  studied  experi- 
mentally, and  a  knowledge  of  low  temperature  in  relation  to  the 
growth  of  bacteria  and  fungi  forms  the  basis  of  the  cold-storage 
industry. 

BACTEBIA  AND  HOV  TO  OONTBOL  THEM. 

From  the  standpoint  of  household  sanitation  bacteria  are  by  far  the 
most  important  of  the  three  groups  of  micro-organisms  under  consider- 
ation. They  are  many  times  smaller  than  the  yeasts,  and  their  power 
of  reproduction  is  almost  unlimited.  They  require  at  least  25  per 
cent  of  moisture  in  which  to  live  and  multiply,  and  they  prefer  dark- 
ness to  light,  and  while  as  a  class  they  grow  best  at  a  comparatively 
high  temperature,  80  to  95^  F.,  most  of  them  are  killed  by  an  exposure 
to  150-160^  F.  of  moist  heat.  A  repeated  application  of  boiling  tem- 
perature is  necessary,  however,  to  kill  the  spores  which  certain  kinds 
produce. 

Bacteria  are  very  widely  distributed;  the  soil  teems  with  them; 
they  are  in  the  air,  in  water,  and  in  all  food  exposed  to  dust  and 
air,  milk  being  a  favorite  habitat.  The  flesh  of  healthy  living 
animals  is  free  from  them,  but  when  slaughtered  and  marketed  the 
surface  is  almost  certain  to  acquire  bacteria,  Uke  aU  things  which  are 
exposed  to  air  and  dust.  They  are  inside  the  human  body,  oft^i 
performing  important  functions,  as  in  intestinal  digestion.  In  short, 
wherever  organic  material  is  exposed  to  their  inroads  there  they  are 
found. 

It  is  said  that  the  numbers  of  bacteria  are  in  direct  relation  to 
density  of  population.  We  can  not  get  away  from  them  without 
going  into  the  highest  mountains  or  to  the  polar  r^ons;  but  we  can 
protect  our  food  supply  from  their  undue  growth  by  reversing  all  ihe 
conditions  that  they  require  for  their  development. 

It  is  of  primary  importance  that  bacteria  be  prevented  from  getting 
their  start.  Hence,  only  such  foods  should  be  bought  as  are  in  the 
freshest  and  best  possible  condition.  Since  succulent  fruits,  milk,  raw 
meat,  and  meat  products  are  especially  subject  to  bacterial  actioUf 
they  must  be  given  unusual  attention.  They  should  be  consiuned  as 
soon  as  possible  after  purchase  or  subjected  to  the  following  condi- 
tions: Utensils  that  come  in  contact  with  them  must  be  thoroughly 
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scalded,  or  better,  boiled.  The  hands  and  clothing  of  the  worker  must 
be  kept  clean  and  every  effort  made  to  avoid  contact  with  dirt.  Of 
cooked  foods,  moist  vegetables,  cooked  fruits,  moist  made  dishes  like 
meat  pies  and  similar  dishes  are  particularly  liable  to  ''spoil"  or 
''sour,"  and  the  importance  of  clean  utensib,  of  keeping  the  foods 
protected  from  dust,  etc.,  can  not  be  too  often  pointed  out. 

The  temperature  at  which  food  is  kept  should  be  reduced  to  that 
best  suited  to  it,  which  is  usually  as  near  the  freezing  point  as  pos- 
sible. Highly  putrescible  food,  as  meat,  is  thus  kept  for  months  in 
cold  storage,  and  a  good  ice  box  will  keep  such  food  for  days  in  per- 
fect condition.  Cool  clean  storage  is  as  important  for  many  cooked 
foods  as  for  raw. 

Since  the  water  content  of  food  must  be  above  25  per  cent  before 
bacterial  life  is  possible  in  it,  we  may  preserve  food  by  drying  it. 
This  method,  often  in  combination  with  salting  and  smoking,  is 
applied  to  fish,  meat,  v^etables,  and  fruit. 

By  exposing  food  to  150-160®  F.  of  heat  for  half  an  hour  all  varie- 
ties of  bacteria  would  be  killed  except  a  few  that  are  very  resistant  to 
heat.  In  the  case  of  spore-forming  bacteria  the  spores  would  in  cer- 
tain cases  resist  this  degree  of  heat.  The  pasteurization  of  milk  offers 
a  familiar  example  of  a  food  that  is  kept  from  spoiling  by  this  method. 

After  thorough  boiling  food  may  be  sealed  from  the  outer  air  by  the 
well-known  method  of  canning. 

Most  varieties  of  bacteria  are  killefd  in  a  few  hours  by  direct  sun- 
shine, but  it  must  be  direct.  The  recesses  of  a  dark  room  are  little 
affected  by  what  sunshine  may  filter  into  its  depths.  Contents  of 
storerooms  should  now  and  then  be  sxmned,  and  such  rooms  should  be 
regularly  aired. 

We  may  often  make  use  of  substances  that  inhibit  bacterial  growth. 
These  tiny  organisms  can  not  live  in  a  very  heavy  sugar  solution,  a 
fact  made  use  of  in  preserving  fruits.  Vinegar,  spices,  salt,  and  wood 
smoke  have  a  like  effect,  and  their  use  is  familiar  in  pickled  and  spiced 
vegetables  and  fruits  and  in  salted  and  smoked  meats. 

PTOMAINE  POISONINO. 

In  some  foods  bacteria  in  the  early  stages  of  their  action  leave  no 
disagreeable  or  unhealthful  effects,  so  far  as  yet  proved.  Meat  is 
in  some  measure  ripened  by  bacterial  action,  and  the  "gamey" 
taste  given  meat  by  "hanging"  comes  in  part  from  the  same  cause, 
though  in  both  cases  the  changes  are  chiefly  due  to  the  action  of 
ferments  normally  present. 

It  is  not  easy  to  draw  the  line  between  the  harmless  ripening 
processes  and  the  bacterial  changes  classed  as  decay,  but  if  the 
bacteria  are*  allowed  to  grow  without  hindrance  the  time  comes  when 
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the  food,  either  animal  or  vegetable,  attacked  by  bacteria  breaks 
up  into  a  loathsome  mass. 

The  food  may  become  dangerous  even  before  it  shows  outward 
signs  of  decomposition,  for  the  bacteria  may,  as  they  feed  upon  the 
proteids,  give  off  substances  known  as  ptomaines,  hardly  to  be  rec- 
ognized without  laboratory  apparatus,  but  some  of  which  are  very 
poisonous  to  man.  Certain  apparently  mysterious  cases  of  illness 
have  been  traced  to  such  causes,  and  milk,  fish,  meat,  cheese,  baked 
beans,  ice  cream,  and  other  foods  have  all  been  found  responsible 
for  ''food  poisoning.''  It  is  no  uncommon  thing  to  hear  that  a 
large  number  of  the  persons  attending  a  banquet  were  taken  vio- 
lently ill  within  a  few  hours  after,  all  with  very  similar  symptoms. 
In  some  cases  the  illness  has  been  of  brief  duration,  in  others  it  has 
continued  for  days,  or  even  resulted  in  death.  In  one  instance  the 
offending  food  may  have  been  lobster  salad,  in  another,  cold-storage 
chicken,  in  still  another,  ice  cream.  These  severe  cases  of  wholesale 
poisoning  generally  occur  in  the  summer  and  after  a  very  heated 
term.  Doubtless  many  milder  cases,  called  summer  complaint,  are 
due  to  the  same  cause.  This  sort  of  poisoning  is  not  a  true  bacterial 
disease;  that  is,  it  is  not  due,  as  is  typhoid  fever,  to  the  growth  of 
an  organism  in  the  body,  but  the  illness  results  from  the  introduc- 
tion into  the  system  of  poisonous  substances  already  formed  in  the 
food  by  the  bacteria. 

It  is  not  known  under  what  conditions  these  peculiar  poisons  are 
developed  in  foods;  we  know  only  that  they  are  the  result  of  bacterial 
action  not  so  advanced  as  to  give  warning  to  the  senses.  It  is  a 
safe  rule  to  eat  very  sparingly  of  foods  which  are  liable  to  such 
changes  in  hot  weather,  and  especially  where  the  methods  of  prepa- 
ration are  not  known  or  where  the  serving  of  a  large  number  of 
people  at  the  same  time  brings  an  undue  strain  on  the  culinary 
forces,  in  which  case  material  is  certain  to  be  served  which  has  been 
prepared  a  considerable  time  in  advance  and  not  properly  cooled 
and  stored. 

DISEASE  "OEBMS"  AND  POLLT7TED  WATBB. 

The  so-called  "germs"  of  typhoid  fever,  diphtheria,  and  tuber- 
culosis are  bacteria,  and  as  they  may  be  conveyed  by  means  of  water 
or  food  this  danger  is  a  very  real  and  serious  one. 

As  a  proof  that  contaminated  water  is  the  direct  or  indirect  source 
of  typhoid-fever  infection  it  may  be  mentioned  that  the  statistics 
of  10  large  European  cities  whose  water  supply  is  drawn  from  pxwe 
mountain  lakes  and  streams  showed  in  1905  a  death  rate  very  much 
lower  than  that  of  a  large  number -of  American  cities  whose  average 
death  rate  from  typhoid  fever  was  34  per  100,000  inhabitants.** 

a  Jour.  New  England  Waterworkers'  Assoc.,  19  (1905),  No.  4,  p.  676. 
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The  germs  of  typhoid  fever,  like  those  of  cholera,  are  voided  in  the 
feces  and  urine  of  the  patient.  Because  of  carelessness  or  ignorance 
in  the  disposal  of  these  excreta  they  find  their  way  into  surface 
drainage,  reach  brooks  and  streams,  and  defile  wells.  Such  infected 
water  used  as  a  beverage  may  readily  cause  typhoid.  By  means 
of  milk  cans  washed  in  such  water,  or  by  the  hands  and  clothing  of 
persons  who  have  nursed  typhoid  patients,  the  germs  are  planted 
in  milk,  and  in  this  nutritive  medium  they  develop  with  wonderful 
rapidity,  so  that  milk  becomes,  next  to  water,  the  great  carrier  of 
typhoid.  It  is  also  known  to  have  carried  diphtheria  and  scarlet 
fever  and  it  has  well  been  called  the  most  valuable  and  the  most 
dangerous  food.  The  relation  of  flies  and  dust  to  typhoid  and  other 
diseases  is  discussed  later  (see  pp.  14  and  17). 

For  protection  from  a  polluted  water  and  milk  supply  we  must 
look  chiefly  to  sanitary  laws  and  their  rigid  enforcement.  In  such 
laws  the  housekeeper  who  is  seeking  to  guard  the  health  of  her  family 
has,  or  should  have,  the  most  lively  interest.  She  should  understand 
them  herself,  report  any  cases  of  disobedience  that  may  come  to  her 
notice,  and  be  willing  to  work  for  the  passage  of  better  laws  if  they 
are  needed. 

If  the  water  supply  is  not  known  to  be  well  guarded  from  pollu- 
tion the  existence  of  a  disease  like  typhoid  fever  in  any  locality 
requires  that  the  greatest  precautions  must  be  taken  in  every  house. 
The  drinking  water  must  be  boiled  to  destroy  any  disease-producing 
bacteria  possibly  contained  in  it,  and  this  boiled  water  must  be  used 
for  cleaning  the  teeth,  for  washing  such  vegetables  and  fruits  as  are 
consumed  raw,  and  also  in  rinsing  dishes  and  cooking  utensils. 

The  tubercle  bacillus,  the  cause  of  tuberculosis,  should  also  be 
guarded  against,  though  it  is  not  likely  to  be  carried  by  city  water. 
Food  may  become  infected  with  it  from  contact  with  a  person  suf- 
fering from  the  disease,  and  it  is  not  unreasonable  to  forbid  any  such 
to  aid  in  preparing  meals.  It  is  also  a  reasonable  measure  to  pro- 
hibit the  sale  of  milk  from  a  farm  where  the  disease  is  known  to  exist. 

THB  NECESSITY  OF  CAXTTION  IN  THE  USE  OF  BAW  FOODS. 

The  numerous  cautions  suggested  in  this  bulletin  may  seem  unnec- 
essary, but  a  few  facts  will  show  that  they  are  not  extreme. 

In  older  civilizations,  where  the  soil  has  been  exhausted  and  needs 
constant  manuring,  cooked  fruit  and  vegetables  rather  than  raw 
are  much  more  the  rule  than  with  us.  In  densely  peopled  China, 
where  night  soil  is  used  to  fertilize  the  land,  the  eating  of  raw  vege- 
tables is  said  to  be  very  rare.  It  is  easy  to  see  why  such  foods  un- 
cooked might  be  very  dangerous.  Although  such  methods  are  not 
followed  to  any  great  extent  in  the  United  States,  raw  fruits  and  vege- 
tables may  be  a  menace  to  health.  Methods  of  washing  fruits  and 
vegetables  are  discussed  in  another  section. 
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A  Russian  authority,  Professor  Metchnikoff,'  because  of  the  pos- 
sible presence  of  disease  micro-organisms  and  minute  animal  pests, 
as  intestinal  worms,  strongly  advises  against  the  eating  of  any  raw 
food  whatever,  even  if  it  has  been  washed  in  boiled  water.  Although 
this  view  may  be  considered  extreme  for  American  conditions,  it 
shows  what  care  must  be  taken  in  the  purchase  and  the  cleaning  of 
food  that  is  to  be  consumed  raw. 

Kitchen  methods  in  many  of  their  details  fail  to  meet  the  require- 
ments of  sanitary  science.  The  cook  is  not  trained  in  bacteriology; 
she  does  not  know  what  cleanliness  means  from  the  laboratory  point 
of  view.  The  old-fashioned  hatred  of  dirt  for  its  own  loathsome 
sake  is  the  best  substitute  for  this  knowledge,  but  it  is  not  enough. 
For  instance,  boiling  has  long  been  known  to  kill  whatever  was  the 
cause  of  ** spoiling"  of  food.  However,  most  housekeepers  did  not 
''boil  out"  the  milk  pans,  etc.,  but  simply  scalded  them.  ''Scald- 
ing" is  an  indefinite  term;  if  boiling  hot  water  is  used,  and  enough 
of  it,  scalding  would  doubtless  be  effective,  but  too  often  when  the 
facts  in  the  case  are  not  thoroughly  xmderstood  such  a  process  is 
carelessly  carried  out  and  the  desired  end  is  not  accomplished. 
When  in  such  cases  the  milk  spoils  very  quickly  it  is  often  attributed 
to  the  weather  or  to  bad  luck.  The  housekeeper  who  imderstands 
the  causes  of  spoiUng,  and  who  knows  that  the  microscopic  plants 
responsible  for  it  may  be  destroyed  by  a  sufi&cient  degree  of  heat 
appUed  for  the  proper  time,  is  much  more  likely  to  be  successful 
than  one  who  works  by  rule  of  thumb.  Here,  as  in  so  many  other 
household  problems,  knowledge  is  essential.  How  is  the  igno- 
rant cook  to  know  that  what  lurks  unseen  in  crack  or  seam  may 
bring  to  naught  all  her  precautions?  The  homely  old  dictxmi  that 
the  only  way  to  conquer  dirt  is  by  '* eternally  keeping  at  it"  is  as 
true  as  ever  it  was,  but  as  we  have  come  to  realize  more  and  more 
the  insidiousness  and  onmipresence  of  the  enemy  to  health,  and  that 
in  the  form  of  bacteria  it  consorts  with  dirt,  we  realize  also  that  every 
housekeeper  and  houseworker  must  be  made  to  understand  some- 
thing about  the  microscopic  forms  of  life  which  are  harmful,  and 
how  to  apply  all  the  weapons  which  modem  science  has  discovered 
for  their  destruction. 

FLIES  AlfD  FOOD. 

The  intelligent  housekeeper  of  this  generation  has  at  her  command 
a  wealth  of  scientific  knowledge  that  may  be  applied  to  the  solution 
of  problems  in  home  sanitation.  Of  great  value  are  the  means  which 
have  been  devised,  thanks  to  the  work  of  the  Bureau  of  Entomology 

«  The  New  Hygiene.    New  York,  1907. 
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of  this  Department,  the  agricultural  experiment  stations,  the  state 
boards  of  health,  and  investigators  in  many  universities  and  other 
institutions,  to  prevent  the  spread  of  disease  by  insects  and  other 
forms  of  animal  life.  In  the  nature  of  things  the  importance  of  this 
matter  was  not  recognized  until  it  had  been  shown  with  certainty 
that  such  animal  life  played  an  important  part  in  the  transmission 
of  disease.  Two  varieties  of  mosquitoes  are  generally  conceded  to  be 
absolutely  necessary  to  the  transmission,  respectively,  of  malaria 
and  of  yellow  fever,  since  the  organism  that  causes  these  diseases 
must  first  undergo  a  complicated  series  of  changes  in  the  body  of  the 
insect  before  it  is  capable  of  producing  a  new  case.  Thus,  the  mos- 
quito bites  a  yellow-fever  patient  and  takes  the  micro-organism  into 
its  body,  and  there  for  some  twelve  days  it  is  developed  to  the  stage 
of  maturity,  after  which  time  and  not  before  the  mosquito  can 
convey  the  disease  by  biting.  In  such  cases  the  insect  is  called  an 
''intermediary  host."  Both  diseases  are  now  successfully  fought 
by  exterminating  the  breeding  places  of  the  mosquito  and  by  the 
screening  of  dwellings. 

Insects  play  a  still  larger  part  as  mechanical  carriers  of  disease 
germs,  the  greatest  menace  of  all  in  our  daily  life  being  the  common 
house  fly,  known  to  scientists  as  the  MtLSfa  domestica.  It  is  not  a 
biter,  like  the  horsefly  and  some  other  flies,  or  Uke  the  mosquito,  but 
it  has  its  own  way  of  carrying  infection.  It  breeds  in  manure  and 
it  feeds  on  it;  it  feeds  on  the  sputum  of  diseased  throats  and  lungs, 
on  typhoid  dejecta,  and  refuse  of  all  kinds,  and  by  means  of  its 
hairy  feet  and  legs  it  carries  about  and  distributes  particles  of  these 
vile  feasts,  which  frequently  contain  living  germs  capable  of  pro- 
ducing a  new  case  of  disease.  In  still  another  way  does  the  fly 
spread  disease — disease  germs  taken  into  its  body  in  food  are  known 
to  remain  alive  in  the  intestines  and  also  for  days  after  they  are 
ejected  in  the  ''specks,"  i.  e., in  the  fly  excrement.  By  recent  experi- 
ments with  animals  this  has  been  proved  true  of  both  the  tuberculosis 
and  the  typhoid  bacillus,  the  germs  in  the  "speck"  having  actually 
given  the  disease  from  nine  to  fifteen  days  after  it  was  voided  by  the 
fly.  Also  the  eggs  of  worms  that  it  draws  into  its  body  with  water 
that  it  drinks  are  known  to  remain  alive  and  to  hatch  after  being 
ejected. 

The  case  against  flies  is  well  proved,  and  yet  they  are  allowed  to 
infect  the  joint  of  meat  exposed  for  sale  by  the  butcher,  the  bread 
and  sweetmeats  of  the  confectioner's  counter,  berries  and  other  fruit, 
the  edge  of  the  milk  pail,  the  kitchen  table  and  utensils,  and  the 
food  of  our  table.  They  were  shown  to  be  the  principal  carrier  of 
the  typhoid  fever  which  attacked  20  per  cent  of  the  United  States 
soldiers  in  the  Cuban  war  and  furnished  86  per  cent  of  the  deaths. 
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As  the  report'  states,  '^  Flies  undoubtedly  served  as  carriers  of  infec- 
tion. "^  "^  "^  It  is  probable  that  the  infection  was  [also]  dissemi- 
nated to  some  extent  through  the  air  in  the  form  of  dust."  Further- 
more,  it  is  pointed  out  that  the  men  undoubtedly  spread  the  disease 
by  means  of  infected  material  conveyed  on  their  persons  and  clothing. 
Water  was  not  regarded  as  an  important  factor  in  the  spread  of 
typhoid  fever  in  the  national  encampment  of  1898.  Since  that  time 
so  many  well-proved  cases  have  been  traced  to  the  fly  that  Dr.  L.  O. 
Howard^  recommends  that  the  name  '* typhoid  fly"  should  be 
generally  adopted,  in  order  to  call  attention  to  the  danger  of  allow- 
ing this  insect  access  to  our  dwellings. 

In  the  monthly  report  of  one  of  our  state  boards  of  health^  is 
graphically  described  a  scene  familiar  to  many  of  us: 

In  front  of  a  grocery  boxes  of  blackberries  were  exi)osed  for  sale.  They  were  slightlj 
gray;  dust  and  swarms  of  flies  were  present.  On  the  sidewalk,  within  6  feet  of  the 
berries,  some  poor  diseased  mortal  had  spat,  and  thb  sputum  was  circled  with  flies. 
A  moment's  observation  showed  that  they  flew  back  and  forth,  not  only  betweoi 
the  berries  and  the  sputum,  but  also  between  the  berries  and  the  gutter  filth  and  street 
manure.  But,  most  wonderful,  people  purchased  those  nasty  berries  and  ate  them 
raw. 

It  was  found  later  that  much  diarrhea  existed  in  the  neighbor- 
hood, caused  possibly  by  bacteria  transmitted  by  these  very  flies. 

We  are  far  too  tolerant  of  the  presence  of  this  filthy  and  dangerous 
insect.  Its  breeding  grounds  should  be  the  first  point  of  attack. 
The  Biu'eau  of  Entomology  of  the  Department  of  Agriculture  has 
given  a  great  deal  of  attention  to  the  matter,  and  the  publications 
of  the  Bureau  should  be  consulted  for  full  data  on  the  subject.  A 
summary  may  be  found  in  an  earlier  bulletin  of  this  series.^  On  the 
authority  of  this  Bureau  it  is  stated  that  at  least  95  per  cent  of  the 
town  and  city  flies  are  bred  in  heaps  of  horse  manure  left  in  roads, 
fields,  and  stables.  The  remedy  proposed  is  stricter  enforcement 
of  the  laws  governing  the  cleaning  of  streets,  and  the  covering  of  all 
manure  pits  in  town  and  country,  with  occasional  spraying  with 
crude  petroleum.  The  manure  pile  and  the  barnyard  are  the  fly- 
breeding  ground  of  the  farm. 

To  urge  the  housewife  to  work  for  public  measures  to  insure  such 
sanitary  reforms  is  not  asking  her  to  go  too  far  afield.  In  her  own 
house  she  will  endeavor  by  the  use  of  screens  and  fly  paper  and  similar 
means  to  protect  herself  from  this  dangerous  insect.     But  she  will 

a  Abstract  of  Beport  on  the  Origin  and  Spread  of  Typhoid  Fever  in  United  States 
Military  Camps  during  the  Spanish  War  of  1898.  *  Washington,  1900. 
6U.  S.  Dept.  Agr.,  Bur.  Ent.  Bui.  78. 
cMo.  Bui.  Ind.  Bd.  Health,  10  (1908),  p.  64. 
dU.  S.  Dept.  Agr.,  Farmers'  Bui.  155. 
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wage  an  unequal  battle  unless  the  root  of  the  evil  is  attacked,  and 
this  can  only  be  done  by  removing  manure  and  other  refuse  that 
form  the  breeding  places  of  the  fly.  This  question  is  considered  in 
the  government  documents  referred  to  (p.  16). 

Briefly,  the  manure  should  be  collected  in  pits  where  it  may  be 
kept  covered,  or  where  it  may  be  treated  with  kerosene  oil  or  some 
other  material  which  kills  the  eggs  and  larvse.  It  is  of  still  greater 
importance  that  flies  should  never  have  access  to  human  excreta. 

DUST  nr  ITS  BELATIOH  TO  FOOD. 

What  is  the  composition  of  dustf  It  has  been  described  as  a  little 
of  everything.  In  the  paved  streets  of  cities  and  towns  earthy  par- 
ticles from  the  soil  are  always  present.  While  street  dust  in  the  coun- 
try is  largely  made  up  of  the  powdered  earth  of  the  road  mixed  with 
finely  ground  manure,  in  cities  its  lighter  particles  are  principally 
dried  horse  manure  with  more  or  less  of  dried  powdered  sputum; 
facts  sufficiently  disgusting  to  give  us  a  hearty  aversion  to  dust  as  an 
accidental  accompaniment  to  any  article  of  food.  The  dust  of  rooms 
contains  earthy  particles,  minute  fragments  of  clothing  fiber,  bits  of 
abraded  skin,  and  pieces  worn  away  from  walls,  floor,  and  furniture, 
also  mold  spores,  bacteria,  and  street  dust  in  greater  or  less  quantity, 
according  to  the'  location. 

Every  precaution  should  be  taken  if  there  is  iUness  in  a  house,  par- 
ticularly tuberculosis  or  other  infectious  or  contagious  disease,  to 
prevent  the  micro-organisms  which  cause  the  disease  from  getting 
into  the  air  and  dust.  Dr.  Michael  Prudden*  gives  the  results  of 
attempts  to  count  the  bacteria  in  the  dust  of  New  York  streets.  A 
culture  plate  of  3 J  inches  in  diameter  was  exposed  for  five  minutes 
with  the  following  results:  Central  Park,  near  street,  collected  499 
bacteria;  Union  Square,  collected  214  bacteria;  large  dry  goods  store, 
collected  199  bacteria;  street  while  being  swept,  collected  5,810 
bacteria. 

The  daily  examination  of  the  milk  of  a  certain  model  dairy  revealed 
suddenly  a  great  increase  in  the  bacterial  count.  The  physician  and 
the  bacteriologist  examined  the  premises  and  watched  every  process 
in  a  vain  effort  to  determine  the  cause  until  it  was  noticed  that  the 
milk  pails  were  put  to  sun  where  the  dust  blew  on  them.  This 
cause  removed,  the  bacterial  count  returned  to  normal. 

These  air  and  dust  bacteria  are  not  necessarily  harmful,  but  where 
large  numbers  are  present  there  are  likely  to  be  among  them  those 
which  produce  disease.     A  number  of  cases  of  illness  are  on  record 

a  Dust  and  Its  Dangers,  p.  26. 
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directly  traceable  to  fruit,  but  it  is  difficult  to  detennine  whether  in 
such  cases  infection  has  come  through  dust  settling  on  the  food  or 
through  direct  contact  of  the  fruit  with  infected  human  beings. 

Better  market  inspection  is  needed,  better  protection  for  food  from 
dust  both  in  transit  and  when  on  sale,  and  a  more  rigid  carrying  out 
of  existing  laws,  but,  above  all,  a  demand  for  clean  food  on  the  part 
of  the  buyer. 

Precautions  should  also  be  taken  against  dust  after  the  food  is 
deUvered  at  the  house.  In  modem  dairying  much  stress  is  laid  cm 
the  fact  that  sweeping  the  stable  before  milking  fills  the  air  with 
bacteria  which  are  likely  to  infect  the  newly  drawn  milk.  Hie  same 
danger  arises  if  food  and  dishes  are  left  exposed  in  kitchen  €>r  pantry 
during  sweeping.  Tests  have  been  made  to  determine  how  great 
this  danger  really  is  in  ordinary  household  practice,  and  it  has  been 
found  not  only  that  molds,  yeasts,  and  bacteria  are  much  more 
abundant  in  the  air  during  sweeping,  but  that  those  stirred  up  by 
the  sweeping  do  not  settle  back  again  for  several  hours  afterward. 
Evidently,  then,  it  is  not  sufficient  to  cover  food  and  dishes  during 
the  actual  sweeping;  they  should  remain  protected  for  some  hours. 
Dusting  with  a  dry  cloth  or  feather  duster  also  stirs  the  micro- 
organisms into  the  air;  for  this  reason  a  damp  cloth  to  which  they 
will  stick  is  greatly  preferable  for  cleaning  in  kitchen,  pantry,  and 
china  closet ;  in  fact,  everywhere.  These  considerations  also  show  the 
great  sanitary  advantage  of  modem  cleaning  devices,  of  which  a  num- 
ber of  sorts  are  now  on  the  market,  by  which  the  dirt  is  sucked 
through  tubes  into  suitable  receptacles.  Bits  of  damp  newspaper  or 
damp*  sawdust  sprinkled  on  a  floor  will  hinder  dust  from  rising  when 
the  room  is  swept,  but  the  wooden  or  linoleum-covered  floor  of  a 
well-kept  kitchen  and  pantry  should  furnish  very  little  dust.  Larger 
particles  should  be  lightly  brushed  up  and  the  floor  washed  every 
few  days. 

PET  ANIMALS  IH  THE  KPTGHEV. 

Another  possible  source  of  danger,  but  one  frequently  overlooked, 
would  seem  to  be  the  pet  animals  of  the  household.  The  fur  of  even 
the  most  cleanly  cats  and  dogs  must  come  in  contact  with  many 
things  which  we  would  not  care  to  have  touch  our  food.  In  mjSLnj 
families  where  the  animals  are  not  allowed  in  the  living  rooms  for 
fear  of  soiling  furniture  they  are  given  free  range  in  kitchen  and 
pantry,  where  the  chances  are  they  will  leave  more  or  less  loose  hair 
and  dirt  which  may  find  its  way  to  food  utensils  or  to  food. 

A  word  should  also  be  said  regarding  animal  pests.  Rats  and 
mice  are  regarded  by  all  housekeepers  as  destructive  and  disagreeable 
in  every  way,  and  no  one  cares  to  eat  food  which  they  have  touched. 
Traces  of  the  presence  of  mice  may  sometimes  be  noted  in  cereals 
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and  other  foods  sold  from  open  boxes  and  similar  containers  in 
markets  and  shops  which  are  careless  in  such  matters.  This  suggests 
another  reason  for  keeping  such  foods  in  glass  jars  or  tin  cans  or 
similar  receptacles  in  shops  and  in  the  pantry  and  storeroom.  In 
addition  to  the  food  which  they  destroy  and  the  pecuniary  loss  in- 
volved, rats  and  mice  are  a  menace  to  health,  as  they  are  known  to 
be  carriers  of  disease.  Many  investigations  have  been  reported 
which  show  their  connection  with  the  spread  of  trichinosis  and  with 
bubonic  plague.  Data  summarized  by  the  New  York  State  Depart- 
ment of  Health^  indicate  that  the  rat  may  be  a  large  factor  in  trans- 
mitting diphtheria  and  other  communicable  diseases. 

The  question  of  the  losses  due  to  rats  and  methods  for  destroying 
these  pests  are  considered  in  an  earlier  bulletin  of  this  series.^ 

THE  FOOD  SITPPLT. 

That  food  which  is  brought  into  the  home  shall  be  clean  and  of  good 
quality  is  a  matter  of  the  greatest  importance.  Vegetables  and  fruits 
^ould  be  grown  and  milk  and  other  dairy  products  produced  under 
proper  conditions  (see  pp.  13  and  17),  and  all  the  products  of  the  farm 
and  garden  which  pass  through  the  dealer's  or  manufacturer's  hands 
should  reach  the  kitchen  in  a  clean  and  wholesome  condition. 

Since  the  passage  of  the  National  Pure  Food  and  Drugs  Act,  giving 
to  the  United  States  Government  authority  to  enforce  stringent  laws 
against  the  adulteration  and  misbranding  of  foods  which  enter  into 
interstate  conmierce,  and  the  more  rigid  enforcement  of  similar  state 
laws  which  regulate  these  matters  in  many  of  the  States,  a  great  bur- 
den has  been  lifted  from  the  shoulders  of  the  buyer.  This  legislation 
has  enormously  decreased  the  deceptions  formerly  practiced  by  some 
manufacturers,  and  since  it  insures  that  the  name  and  description  on 
bottle  and  package  shall  not  misrepresent  the  contents,  the  buyer,  if 
he  knows  what  he  wants,  will  have  no  diflBculty  in  obtaining  it,  while 
the  honest  manufacturers  and  dealers  (and  they  have  without  doubt 
always  outnimibered  the  others)  will  also  be  protected.  This  matter 
in  its  various  aspects  is  taken  up  in  publications  of  the  Bureau  of 
Chemistry^  of  this  Department. 

The  national  laws  regarding  the  inspection  of  meat  and  meat  prod- 
ucts are  a  further  and  very  important  protection  of  the  home  food 
supply.  Publications  of  the  Bureau  of  Animal  Industry  <*  of  this 
Department  deal  with  the  question  of  meat  inspection  in  relation  to 
wholesomeness  and  quality.     But  the  buyer  has  still  to  choose  among 

o  Mo.  Bui.  N.  Y.  State  Dept.  Health,  n.  e.,  4  (1909),  No.  3,  p.  74. 

*  U.  S.  Dept.  Agr.,  Farmers'  Bui.  369. 

c  U.  S.  Dept.  Agr.,  Bur.  Chem.  Bui.  100;  Yearbook  1907,  p.  321. 

<f  U.  S.  Dept.  Agr.,  Bur.  Animal  Indus.  Circ.  125. 
875 


20  CABE  OF  FOOD  IK  THE  HOME. 

many  varieties  of  food  that  have  all  met  the  requirements  of  the  law. 
There  are,  for  instance,  many  kinds  of  canned  vegetables  that  should 
be  carefully  compared  as  to  iSavor  and  water  content.  A  lO-cent  can 
of  tomatoes  that  consists  of  a  little  partly  ripened  pulp  swimming  in 
water  may  be  much  dearer  than  a  15-cent  can  with  a  lower  water  con- 
tent. The  writer  compared  two  cans  of  tomatoes  on  the  basis  of  the 
amount  of  pulp  of  a  given  consistency  that  they  yielded  on  strain- 
ing. As  the  15-cent  can  yielded  twice  as  much  as  th6  lO-cent  can, 
and  the  pulp  was  also  of  a  better  flavor,  the  cheaper  can  should  really 
have  sold  for  7  or  8  cents  in  order  to  vie  with  the  other  in  real  food 
value. 

CLEAN  SHOPS  AND  MARKETS  A  NECESSITY. 

The  buyer  as  well  as  the  merchant  is  responsible  for  the  dirty  market 
and  shop,  for  if  they  were  not  tolerated  by  the  purchaser  they  could 
not  exist.  The  condition  of  the  food  when  it  enters  the  home  is  a  mat- 
ter of  the  utmost  importance  in  relation  to  the  subsequent  handling 
and  use,  and  great  care  is  to  be  exercised  in  choosing  clean  rather  than 
dirty  places  in  which  to  purchase  food.  As  yet  the  buyer  has  but 
little  protection  through  the  enforcement  of  law  regarding  unhygienic 
conditions  existing  in  places  where  food  is  offered  for  sale.  Let  us 
hope,  however,  that  this  state  of  things  will  soon  mend.  In  some 
States  the  boards  of  health  are  already  active  in  the  inspection  of 
dairies,  and  the  inspection  of  slaughterhouses  has  made  great  prog- 
ress under  the  United  States  laws. 

Even  to  the  untrained  eye  the  markets  and  provision  stores  are  often 
dirty  places.  In  too  many  of  them  all  manner  of  foods  are  exposed  to 
dust  and  flies,  and  in  the  long  list  may  be  found  many  that  are  ''ready 
to  eat,''  such  as  cooked  meats,  butter,  cheese,  bread,  cake,  figs,  dates, 
pickles,  and  candy.  In  boxes  on  the  floor,  leaning  at  an  angle  against 
the  counter,  or  on  the  pavement  outside,  may  often  be  seen  green 
vegetables,  macaroni,  and  fresh  fruits  exposed  to  street  dust  which  is 
in  good  part  finely  ground  horse  manure  and  other  filth.  A  crate  of 
berries  may  be  seen  on  a  stand  outside  improtected  from  dust  or  from 
the  visits  of  countless  flies. 

There  are,  of  course,  many  market  men  and  grocers  who  have  clean, 
well-kept,  and  sanitary  places  of  business,  but  the  care  of  the  market 
stall  or  provision  store  is  too  often  in  the  hands  of  people  who  are  not 
only  ignorant  of  the  hygienic  reasons  for  avoiding  dirt  but  IeJso  devoid 
of  any  real  instinct  for  cleanliness,  in  so  far,  at  least,  as  it  applies  to 
commercial  matters.  In  such  shops  the  meat  block  is  seldom  scraped 
and  scrubbed,  oysters  are  opened  into  dirty  pails,  and  floors  and 
shelves  are  infrequently  cleaned.  The  grocer's  assistant  may  come  in 
directly  from  unharnessing  the  horse  to  take  your  crackers  from  the 
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barrel,  and  his  hands  are  not  washed  between  drawing  a  fowl  and  cut- 
ting a  bee&teak.  The  butcher  or  grocer's  apron  in  a  case  recently 
noted  served  some  of  the  uses  of  a  handkerchief  and  yet  it  was  in  almost 
constant  contact  with  food.  Such  topics  are  not  pleasant,  but  condi- 
tions will  not  be  mended  until  housekeepers  take  notice  of  such  things, 
protest  against  them,  and  confine  their  buying  to  the  shops  which  are 
run  by  men  who  can  be  trusted  to  abolish  all  such  uncleanly  ways. 

If  the  average  person  finds  these  conditions  and  practices  offen- 
sive, because  they  are  unclean  and  unnecessary,  how  much  more  dis- 
turbed are  those  who  have  learned  that  in  addition  such  practices 
involve  bacterial  contamination  of  foods,  some  of  which  are  eaten  raw. 

The  praise  and  blame  of  the  buyer  has  much  to  do  with  keeping  up 
the  standards  of  the  dealer,  and  it  is  held  by  some  writers  that  the 
growing  use  of  the  telephone  in  ordering  the  dinner,  thus  bringing 
about  absentee  buying,  is  responsible  for  many  bad  conditions. 

If  buyers  will  think  of  these  things  and  patronize  the  clean,  pro- 
gressive, and  sanitary  shops  in  preference  to  the  others  it  will  do  much 
to  insure  better  standards.  It  is  the  opinion  of  many,  however,  that 
the  law  is,  or  should  be,  the  final  resource.  In  some  cities  associations 
of  housekeepers  have  joined  in  demanding  better  hygienic  conditions 
in  markets  and  have  obtained  what  they  sought. 

SANITATION  OF  BAX3BIES. 

When  we  buy  a  loaf  of  bread  in  a  shop  whose  coxmters  are  clean 
and  whose  show  case  carries  a  tempting  array  of  cakes  and  rolls,  we 
are  not  to  conclude,  as  a  matter  of  course,  that  the  bakery  at  the 
rear  or  below  stairs  would  also  meet  our  approval.  Not  one  cus- 
tomer in  a  thousand  sees  the  conditions  under  which  bread  and  pastry 
are  manufactured,  and  it  is  this  very  removal  from  public  view  and 
criticism  that  constitutes  the  chief  difficulty  in  enforcing  existing 
laws  for  the  proper  construction  of  bakeries  and  for  sanitary  methods 
of  carrying  on  the  business. 

Not  long  ago  one-half  the  bread  consumed  in  London  came  from 
cellar  bakeries,  and  while  it  is  true  that  a  cellar  bakery  may  be 
hygienic,  the  chances  are  strongly  against  it. 

There  are,  of  course,  very  many  sanitary  and  clean  bakeries  and 
workmen  who  are  carefid  in  their  work  and  neat  in  nabits,  but  the 
reverse  condition  too  often  prevails.  One  London  bakery  is  described 
in  a  recent  report  as  30  feet  long  by  7  or  8  in  width,  with  bags  of 
flour  ranged  on  one  side  and  the  dough  tubs  placed  along  the  other. 
In  the  same  room  were  found  open  sanitary  arrangements,  poor  sew- 
erage leaking  out  foul  gases,  a  defective  oven  letting  out  fumes  of 
coal  gas,  open  cracks  in  the  ceiling  through  which  sifted  dust  from 
the  store  above,  and  the  stifling  air  was  unchanged  by  ventilation. 
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In  one  of  our  Northern  States  a  few  years  ago  health  inspectors 
examined  547  bakeries  in  25  towns  and  3  cities  and  reported  that 
from  a  sanitary  standpoint  270  were  distinctly  bad,  222  not  especially 
bad,  44  satisfactory,  and  11  worthy  of  especial  commendation.* 
Similar  conditions  have  been  foimd  in  other  localities.^ 

Most  difficult  to  change  are  the  personal  habits  of  the  workmen 
where  they  are  careless  and  lacking  in  cleanliness. 

In  some  bakeries  floors  and  even  vats  were  scrubbed  but  once  a 
year;  in  some  there  was  no  provision  made  for  washing  the  hands. 

From  such  bakeries  most  persons  do  not  care  to  buy  their  bread, 
if  they  are  willing  that  men  should  be  allowed  to  labor  in  such  sur- 
roundings. It  should  not  be  forgotten  that  the  buyer  of  food  has 
many  opportimities  to  help  in  raisiog  standards  that  will  affect  the 
whole  community.  It  is  quite  within  the  rights  of  the  buyer  to 
insist  on  inspecting  the  |)lace  where  the  food  is  prepared,  but  it  is 
better  to  accompany  the  official  inspector.  Some  of  the  bakeries  will 
be  found  above  reproach,  and  these  are  the  ones  which  the  careful 
housewife  should  patronize. 

The  inspection  of  bakeries  is  provided  for  by  legislative  enact- 
ments in  some  cities  and  States  and  is  an  important  hygienic  meas- 
ure. Great  improvements  have  been  made  in  recent  years  in  the 
construction  of  bakeries  and  in  bread-making  machinery  and  oUier 
equipment,  all  of  which  makes  for  more  sanitary  conditions.  It  is 
encouraging  to  note  that  progressive  bakers  realize  the  importance 
of  cleanliness  and  sanitation  and  manifest  a  marked  interest  in  all 
that  pertains  to  such  matters.  As  an  instance  of  this  may  be  men- 
tioned the  work  of  the  bakers'  institute  in  one  of  the  Western 
States.* 

It  has  been  proposed  that  a  law  should  require  that  the  loaf  of 
bread,  as  soon  as  baked,  should  be  put  in  a  paper  bag  and  thus  han- 
dled and  transported,  but  it  is  sometimes  difficult  to  carry  out  reforms 
of  this  kind  if  they  conflict  with  the  prejudices  of  the  buyer.  A 
baker  in  one  of  the  large  cities  whose  methods  were  known  to  the 
writer  started  this  method  but  did  not  succeed  in  popularizing  it. 
People  wanted  to  ''see  the  bread,''  and  it  entailed  an  expense  which 
the  buyej  was  not  willing  to  meet  and  which  the  baker  thought  that 
his  profits  would  not  warrant.  Other  cities  or  other  bakeries  have 
without  doubt  had  a  different  experience.  At  any  rate,  bread  or 
rolls  thus  wrapped  in  paper,  often  of  a  transparent  nature,  are  served 
in  some  restaurants  and  hotels  and  on  some  dining  cars. 

a  Mass.  State  Bd.  Health  Rpt.,  38  (1906),  p.  607. 
h  Bien.  Rpt.  Bur.  Labor  and  Indus.  Statis.  Wis.,  13  (1908),  pt.  5. 
c  Bien.  Rpt.  Bur.  Labor  and  Indus.  Statis.  [Wis.],  13  (1906-7),  pt.  5,  p.  719. 
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THB  aUAUTY  OF  MBAT8. 

In  order  to  become  a  good  judge  of  meats  it  is  very  helpful  to  have 
a  few  lessons  from  an  experienced  buyer.  The  different  cuts  will 
thus  be  easily  learned,  but  the  quality  of  the  meat  depends  on  so 
many  factors,  as  the  age  of  the  animal,  the  breed,  and  the  method  of 
fattening,  that  it  is  easy  to  make  mistakes  in  choosing,  and  the  buyer 
will  often  be  wise  in  accepting  information  from  the  dealer,  if  he  is 
one  who  prides  himself  on  keeping  first-class  meats.  Having  found 
such  a  one,  the  customer  who  wishes  to  save  time  and  money  will 
continue  to  buy  of  him.  The  very  large  amount  of  meat  which  some 
housekeepers  provide  is  not  necessary.  In  general  it  is  better  to  use 
a  reasonable  amount  of  that  which  is  in  prime  condition  rather  than 
to  economize  on  the  quality.  The  meat  is  easily  supplemented  by 
other  dishes,  and  the  whole  meal  will  thus  be  better  balanced  than 
would  be  the  case  if  a  larger  amount  of  inferior  meat  were  provided. 
Although  not  generally  xmderstood,  it  is  just  as  important  that  the 
cheaper  cuts  of  meat,  as  well  as  the  dearer  ones,  should  come  from  a 
well-fattened  animal. 

THB  TBT7E  PBIOB  OF  MBAT8. 

There  is  an  apparent  and  a  true  price  of  meats,  a  fact  that  is  not 
always  considered..  It  may  be  more  economical  to  pay  16  cents  for 
a  cut  of  clear  meat  than  8  cents  for  one  that  contains  nearly  half* its 
weight  of  bone,  sinew,  and  fat.  The  apparent  price  of  chicken  may 
be  20  cents  a  pound,  but  its  real  price  will  often  be  50  cents,  when 
the  weight  of  head,  legs,  entrails,  crop,  and  bones  is  taken  into  accoimt. 

POXTLTBY. 

There  is  much  discussion  regarding  the  merits  of  drawn  and 
undrawn  poultry.  Most  dealers  contend  that  in  warm  weather  a 
fowl  which  has  had  entrails  and  crop  removed  spoils  much  more 
quickly,  because  of  the  extent  of  cut  surface  exposed,  than  does 
undrawn  poultry.  The  writer  found  in  a  large  city  market  but  one 
dealer  who  kept  drawn  poultry,  and  he  said  .that  he  could  not  do  so 
except  for  the  fact  that  steady  customers  took  all  of  his  stock,  so  that 
nothing  was  left  on  his  hands.  The  extra  price  that  he  charged  per 
poimd  was  only  sufficient  to  make  up  for  the  loss  in  weight. 

The  Massachusetts  State  Board  of  Health^  has  recently  studied 
this  question  and  found  that  if  the  entrails  were  so  drawn  that  none 
of  their  contents  were  spilled  inside  the  body,  the  bird  kept  better 
than  in  the  undrawn  state.  The  work  of  the  Bureau  of  Chemistry 
on  this  subject  is  referred  to  later.     (See  p.  26.) 

a  HasB.  State  Bd.  Health  Rpt.,  39  (1907),  pp.  265,  287. 
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It  is  greatly  to  the  housekeeper's  advantage  to  buy  fresh,  well- 
drawn  poultry,  for  not  only  is  the  flavor  injured  by  the  imdean  prac- 
tice of  allowing  the  entrails  to  remain  in  the  body,  but  it  is  thought  to 
favor  the  development  of  ptomaines.  It  has  been  shown  that  after 
death  the  intestinal  juices  with  their  contained  bacteria  are  able  to 
pass  through  the  walls  of  the  intestines  into  the  muscle  fiber,  and  this 
process  goes  on  even  though  the  fowl  is  kept  at  a  very  low  tempera- 
ture. In  some  States  cold-storage  fowls  are  required  by  law  to  be 
sold  as  such. 


Regarding  fish,  one  quality  is  so  all-important  that  the  buyer  is 
warranted  in  giving  the  order:  "Any  kind  that  is  fresh."  The  dealer 
knows  what  he  is  selling.  The  buyer  may  not  be  able  to  discover 
from  lack  of  experience  in  the  effect  of  ice  and  cold  storage.  It  is 
safe  to  rely  on  a  good  dealer  if  the  buyer  is  a  good  judge  of  fish  when 
it  comes  on  the  table  and  then  holds  the  dealer  strictly  to  account. 
Fish  that  has  been  kept  for  a  week  or  more  on  ice  has  lost  its  distinc- 
tive flavor,  although  it  may  not  be  spoiled.  It  has  what  the  cook 
calls  a  ''woolly"  taste.  Shellfish  form  a  delicious  addition  to  the 
diet,  but  if  they  have  been  grown  or  fattened  in  sewage-infected 
water  they  may  carry  disease  germs.  As  it  is  in  general  impossible 
to  learn  their  origin,  the  rule  of  never  eating  them  in  the  raw  state  is 
adopted  by  many.  The  practice  of  fattening  or  " floating"  oysters  in 
fresh  or  in  bracldsh  water  robs  them  of  much  of  their  fine  flavor,  and 
since  the  most  accessible  supply  of  such  water  is  at  the  outlet  of 
streams,  and  as  such  streams  are  frequently  polluted  by  sewage,  many 
persons  believe  that  this  practice  should  be  forbidden  by  law. 

In  many  European  cities  fish  are  sold  alive,  the  customer  selecting 
his  fish  as  it  swims  in  a  tank.  It  would  seem  that  this  excellent 
method  might  be  used  in  our  own  cities,  especially  those  situated  on 
the  seaboard,  at  least  fo)*  customers  who  are  fastidious  and  who  are 
willing  to  pay  an  extra  price  for  special  articles  when  it  is  warranted. 

VEGBTABLBS. 

Only  those  who  have  been  accustomed  to  eating  green  vegetables 
fresh  from  the  garden  reaUze  in  what  poor  condition  are  many  of  the 
vegetables  sold  to  the  city  buyer.  Some  varieties,  as  green  peas,  are 
so  delicate  in  flavor  that  even  a  few  hours'  removal  from  the  vines 
brings  about  a  change.  Indeed,  the  market  gardener  has  been 
obhged  to  develop  the  keeping  quaUties  of  vegetables  and  fruit  at  the 
expense  of  flavor. 

If  lightly  packed  and  transported  only  a  short  distance,  the  dete- 
rioration in  most  vegetables  is  not  noticeable,  but  if  closely  packed 
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for  any  length  of  time  changes  due  to  the  action  of  enzyms  or  ''fer- 
ments" normally  present  in  the  living  tissue  take  place,  with  a  con- 
sequent loss  of  flavor. 

In  green  com,  for  example,  the  ferments  present  begin  immediately 
to  destroy  the  contained  sugar,  and  thus  the  com  is  robbed  of  flavor 
very  shortly  after  picking.  These  changes  are  often  accompanied  by 
changes  in  appearance  by  which  they  may  be  detected,  especially  in 
green  com  and  in  peas  and  beans.  Pods  inclosing  peas  should  be  crisp 
and  plimip.  String  beans  should  not  have  a  faded  look  or  any  suspi- 
cion of  toughness  or  Umpness  when  broken.  Green  com  should  show 
fresh  husks  or  "shucks"  of  good  color,  not  wilted  or  partly  dry,  nor 
lacking  the ''  bright "  look  of  the  fresh  ear.  Cabbages  should  be  crisp 
and  bright  of  color.  Cucimibers,  turnips,  and  carrots  should  be  firm 
to  the  touch.  Lettuce,  if  of  the  headed  variety,  should  have  firm, 
bleached  hearts,  showing  no  trace  of  the  rusty  red  look  that  annoimces 
long  keeping.     It  will  keep  its  freshness  longer  if  the  root  is  left  on. 

Some  market  men  and  grocers  grow  part  or  all  of  their  own  vege- 
tables, and  make  a  practice  of  having  only  fresh  ones  of  good  quality 
in  stock,  though  the  combination  of  market  gardener  and  grocer  is, 
in  the  nature  of  things,  not  conmion.  A  much  larger  nimiber  of 
market  men  and  grocers  are  very  particular  to  procure  for  sale  only 
fresh  vegetables,  and  here  again  the  discriminating  buyer  will  patronize 
the  dealer  who  is  to  be  trusted.  ' 

When  housekeepers  buy  vegetables  of  peddlers,  they  should  patron- 
ize, if  possible,  the  grower  rather  than  the  huckster.  The  grower  must 
sell  out  and  go  home,  and  it  is  to  the  huckster  that  he  sells  his  surplus, 
and  this  surplus  is  often  so  manipulated  as  to  sell  for  fresh  goods  until 
the  next  market  day.  The  huckster  in  his  off  hours  may  often  be 
seen  trimming  off  the  wilted  outside  leaves  of  celery,  cabbage,  and 
lettuce  and  giving  a  fresh  surface  to  the  stem,  and  sometimes  rinsing 
or  sprinkling  the  lettuce  with  water  not  infrequently  far  from  clean. 
The  beets  which  were  left  over,  after  losing  Uttle  by  little  their  tops, 
are  sold  by  measure  to  whoever  will  buy. 

It  may  be  said  in  general  that  when  a  given  vegetable  is  cheapest 
then  it  is  best,  for  all  conditions  are  then  favorable  to  its  development. 
Potatoes  should  be  bought  in  a  fully  ripened  state,  not  too  young, 
nor  is  it  necessary  to  eat  them  when  they  have  become  too  old,  as  it 
is  easy  to  find  substitutes  such  as  boiled  rice,  hominy,  and  similar 
foods. 

Vegetables  of  medium  size,  neither  very  large  nor  very  small,  will 
be  generally  foimd  to  be  the  best,  and  most  housekeepers  consider 
them  the^nost  economical,  as  they  may  be  cooked  and  served  with 
least  waste. 
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THE  STOEAGE  OF  FOOD. 

In  earlier  times  a  larger  proportion  of  the  food  supply  was  stored 
at  home  than  is  now  the  case.  Even  in  cities  and  towns  supplies 
were  commonly  purchased  in  bulk.  Owing  to  the  improvement  in 
transportation  facilities  and  to  other  changed  conditions  storage  of 
food  outside  the  home  has  developed  into  an  enormous  industry.  As 
was  the  case  with  markets  and  food  manufactories,  the  storage  plant 
is  a  matter  in  which  the  housewife  is  interested,  as  it  has  to  do  with 
the  character  of  the  food  which  comes  into  the  home. 

COHMEBOIAL  COLD  STOBAOB. 

Cold  storage  as  applied  to  whole  carcasses  of  beef  and  mutton  has 
been  of  great  service  to  the  buyer.  By  its  aid  prices  are  equalized 
and  we  are  furnished  even  in  summer  with  meat  that  has  been  made 
tender  by  keeping. 

The  service  rendered  by  cold  storage  of  fish  and  poultry  is  not  so 
thoroughly  well  established.  The  subject  is  being  carefully  inves- 
tigated by  experts.  Apparently,  if  the  process  is  carried  out  in  the 
best  manner  and  the  goods  not  kept  too  long  in  storage,  the  cold- 
storage  fish  and  poultry  are  wholesome.  From  the  results  of  an 
investigation  of  the  quaUty,  flavor,  and  wholesomeness  of  cold-storage 
turkeys,  drawn  and  undrawn,  the  changes  brought  about  by  storage, 
and  similar  matters  carried  on  for  the  Buffalo,  N.  Y.,  Department  of 
Health,®  the  conclusion  was  drawn  that  under  proper  regulation  cold 
storage  can  be  safely  employed  for  poultry,  but  that  regulation  is 
essential.  The  question  of  the  effects  of  cold  storage  on  the  charact^ 
of  meat  and  other  food  products,  the  comparative  merits  of  drawn  and 
undrawn  poultry,  and  similar  matters  are  being  investigated  by  the 
Bureau  of  Chemistry  of  this  Department  and  are  discussed  in  its 
publications.* 

With  all  cold-storage  foods  it  is  important  that  there  shall  not  be 
a  long  interval  between  removal  from  storage  and  cooking,  and  this 
is  particularly  the  case  with  poultry  and  fish.  Foods  that  have  been 
frozen  and  then  thawed  seem  to  furnish  particularly  good  ground 
for  bacterial  growth,  or  what  we  call  ^^spoiling." 

Storage  of  fruits  and  vegetables,  which  is  coming  more  and  more 
into  use,  gives  us  many  out-of-season  articles.  The  same  is  true  to 
a  great  extent  of  turkeys  and  other  domestic  poultry,  for  food  of 
this  kind  is  largely  of  seasonal  production,  and  cold  storage  seems 
to  be  the  only  method  by  which  the  fresh  material  can  be  kept  for  a 
long  period  for  market  purposes.     In  the  case  of  many  sorts  of  cold* 

o  Buffalo  [Dept.  Health]  Sanit.  Bui.,  n.  eer.,  2  (1909),  No.  3,  p.  1. 
b  U.  S.  Dept.  Agr.  Yearbook  1907,  p.  197;  Bur.  Chem.  Bui.  115. 
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storage  fruits  and  vegetables  it  is  the  common  opinion  that  their 
quality  is  hardly  as  good  as  that  of  fresh  ones.  On  the  other  hand, 
if  handled  imder  the  best  conditions  much  of  the  cold-storage  goods, 
such  as  apples  and  other  fruits,  is  of  excellent  quality.  Indeed,  it 
is  difficult  to  imagine  how  housekeeping  could  be  carried  on,  particu* 
larly  in  large  cities  and  towns  under  modem  conditions  of  home 
construction  (with  limited  storeroom,  etc.)  without  the  cold-storage 
industry.  For  this  reason  it  is  all  the  more  important  that  the 
housewife  should  be  informed  as  to  the  best  ways  to  handle  such 
commodities,  and  should  use  her  influence  to  insure  the  best  condi- 
tions in  the  cold-storage  industry. 

THB  STOBBBOOK  IN  THB  HOMB. 

The  storeroom  for  food  may  be  the  tiny  closet  of  the  flat  dweller 
in  a  city  or  the  cellar  of  the  village  or  farm  house.  In  the  last  case 
it  often  has  a  commercial  as  well  as  a  household  value,  since  it  keeps 
fruits  and  vegetables  in  good  condition  xmtil  marketed,  as  well  as 
until  they  are  needed  for  the  home  table;  but  in  any  case,  it  should 
be  cool,  dry,  clean,  and  regularly  aired. 

It  may  be  well  to  describe  a  cellar  that  is  badly  built  and  carelessly 
kept,  in  order  to  see  what  should  be  exactly  opposite  conditions. 

Such  a  cellar  may  be  dug  in  wet  ground,  without  sufficient  drainage 
of  the  subsoil;  it  may  even  be  in  contact  with  open  sewers  or  drains, 
which  have  been  proved  in  certain  cases  to  contain  specific  organ- 
isms capable  of  producing  disease.  In  many  cases  the  cellar  built 
against  an  earth  wall  is  not  protected  from  dampness  by  a  layer  of 
moisture-proof  cement,  and  the  water  may  stand  in  drops  on  its 
surface.  Again,  it  may  be  dug  to  such  an  extent  below  the  surface 
of  the  ground  that  the  windows  are  wholly  inadequate  for  lighting 
and  ventilation. 

It  may  have  an  earthen  floor,  or  one  of  badly  matched  boards 
impossible  to  keep  clean.  It  will  probably  have  a  musty  smell, 
proof  positive  that  mold  plants  are  there  and  ready  to  attack  any 
fruit  and  vegetables  stored  on  its  shelves  or  in  its  dirty  bins. 

If,  in  addition  to  this  faulty  construction,  the  cellar  is  badly  kept, 
bits  of  rotting  fruit  and  vegetables  being  left  about,  not  only  will 
these  conditions  favor  the  spoiling  of  food,  but  they  may  prove 
injurious  to  the  health  of  the  family  living  above  stairs. 

A  cellar  that  meets  modem  requirements  must  be  dug  in  ground 
that  is  well  drained  either  naturally  or  by  artificial  means.  It  must 
be  remembered  that  a  cellar  is  not,  first  of  all,  a  storeroom;  it  is  an 
essential  part  of  a  well-planned  house,  especially  necessary  in  our 
Northern  States,  in  helping  to  keep  an  equable  temperature;  and  if 
its  walls  and  floor  are  what  they  should  be  it  prevents  dampness 
and  ground  air  from  rising  into  the  house. 
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If  the  house  is  set  close  to  the  ground  the  cellar  windows  must  be 
wide  enough  to  compensate  for  their  lack  in  height,  and  must  be  set 
opposite  each  other  in  order  to  insure  good  draft.  A  method  that 
is  sometimes  used  is  to  dig  out  a  space  in  front  of  &  window,  making  t 
little  area  which,  laid  in  either  brick  or  stone,  may  be  whitewashed 
and  reflect  hght  into  the  cellar,  bs  is  shown  in  figure  1 ;  it  also  allows 
of  sinking  the  cellar  window  deeper  and  obtaining  better  ventilation. 
This  matter  and  related  topics  are  considered  in  a  recent  volume* 
on  farm  home  construction  and  similar  questions. 

The  walls  and  floor  of  this  cellar  should  be  laid  in  Portland  cement 
to  keep  out  moisture,  and  the  walls  and  ceiling  should  be  white- 
washed twice  a  year.  Even  if  a  cellar  is  kept  very  clean,  the  earthy 
smell  of  vegetables  that  arises  from  it  when  it  ia  well  stocked  is  not 
agreeable — another  reason  for  good  ventilation  and  frequent  airing. 
A  separate  room  may  be  partitioned  off  from  the  cellar  in  one  comer 

for  storage  pup- 
poses.      This 
can  then  be  kept 
darker  than  one 
would  wish  to 
keep  the  rest  of 
the  cellar.  Such 
a  room  must,  of 
course,  be  aired 
now  and  then. 
In  this  storage 
room  should  be 
placed  a  mova- 
ble safe  with  wire-netting  sides,  and  aswinging  shelf;  and  broad  shelves 
should  be  built  high  enough  so  that  barrels  may  be  shoved  under  them. 
The  writer  once  saw  in  Holland  a  cellar  that  met  every  possible 
reqiurement  of  hygiene.    The  floor  and  side  walls  were  of  closely 
matched  tiles  laid  in  cement,  making  it  as  tight  as  a  dish  and  as 
easily  cleaned.    It  was  not  large,  but  its  wall  space  Was  so  utilized 
that  it  furnished  ample  stor^e  facilities  for  a  laige  restaurant. 

BOT-WBATHEB.  STOBAOB. 

The  storage  of  food  in  cold  weather  is  a  comparatively  simple 
matter,  since  the  low  temperature,  which  is  a  prime  requisite  for 
checking  the  growth  of  bacteria  and  molds,  is  furnished  by  nature 
and  we  have  only  to  guard  against  freezing.  The  keeping  of  perish- 
able foods  in  warm  weather  is  best  accomplished  by  artificially 
cooled  air. 

oThe  Healthful  FELrmhouso.     Boston,  1906. 
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ICE  HACHINB. 

If  the  household  is  large  enough,  it  may  make  use  of  the  ice  machine 
driven  by  an  electric  motor  of  one-eighth  horsepower,  or  by  a  gas  or 
some  other  suitable  engine,  which  operates  a  brine  tank  and  furnishes 
to  the  ice  chest  dry  air  as  low  as  42®  F.,  with  a  cooling  power  equiva- 
lent to  200  pounds  of  ice  a  day.  Such  clean,  dry  air  at  a  constant 
low  temperature  fiunished  from  outside  is  so  superior  a  method  of 
cooling  food  that  the  ordinary  ice  chest  seems  a  poor  thing  in  com- 
parison, though  in  the  majority  of  homes  it  is  the  only  resort. 

lOB  CHESTS. 

There  are  many  varieties  of  ice  chest  or  refrigerator,  all  built  on 
one  of  two  general  plans.  In  one  kind  both  ice  and  food  are  kept 
in  one  large  compartment.  In  the  other  the  ice  is  placed  in  a  top 
compartment,  below  which  are  cupboards  for  the  food;  the  principle 
here  utilized  is  that  cold  air  seeks  a  lower  level  and  that  the  air 
cooled  by  the  melting  ice  will  sink  to  the  shelves  below.  It  probably 
better  utilizes  a  given  amount  of  ice,  for  the  further  reason  that  the 
ice  compartment  may  remain  tightly  closed  except  when  being 
filled.  In  both  cases  the  air  space  between  the  outside  wall  and  the 
zinc  lining  is  filled  with  some  nonconducting  material,  as  cork  or 
asbestos. 

It  is  of  great  convenience  to  have  the  ice  chest  built  against  the 
outer  wall  of  kitchen  or  pantry,  so  that  it  may  be  filled  from  the 
outside  by  means  of  a  small  door  cut  for  that  purpose.  In  such  a 
case  it  is  of  course  advisable  to  choose  a  wall  on  which  there  is  little 
or  no  simshine.  The  ice  box  may  also  be  drained  by  a  pipe  leading 
to  the  outside  and  then  properly  cared  for,  thxks  saving  much  labor  in 
the  emptying  of  pans.  It  is  not  considered  safe  to  connect  it  with 
the  house  sewer  because  of  the  danger  of  sewer  gases  '* backing" 
into  it,  even  if  a  good  trap  is  provided. 

CABE  OF  ICE  CHESTS. 

If  on  a  warm  smnmer  day  you  put  your  hand  into  an  ice  box  well 
filled  with  ice  you  may  think  that  the  temperature  is  very  low,  and 
yet  it  is  in  all  probability  nearer  50®  than  40®  F.  As  low  a  tempera- 
ture as  40®  or  45®  is  only  to  be  obtained  in  a  very  well-constructed 
box  with  a  large  receptacle  for  ice,  and  then  only  for  a  short  time 
after  it  is  filled.  A  box  that  maintains  but  60®  is,  however,  very 
useful  in  keeping  food  from  day  to  day. 

The  ice  box,  no  matter  how  well  cooled,  is  and  must  be  damp, 
and  dampness  is  one  of  the  requirements  for  bacterial  growth.  It 
must  be  remembered,  also,  that  some  varieties  of  bacteria  grow  at 
low  temperatures.    Therefore  the  interior  of  an  ice  chest  should  be 
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wiped  every  day  with  a  dry  cloth  and  once  a  week  everything  should 
be  removed,  so  that  sides,  shelves,  and  drain  may  be  thoroughly 
scalded.  The  water  must  be  actually  boiling  when  it  is  poured  in, 
and  the  process  repeated  several  times. 

In  the  small  ice  chests,  where  all  the  ice  space  must  be  utilized, 
the  cube  of  ice  will  be  a  tight  fit,  and  it  is  difficult  to  lower  it  to  the 
grating.  If  the  ice  is  put  on  a  piece  of  stout  cloth  whose  ends  are 
long  enough  to  reach  above  the  top,  it  may  be  lifted  by  these  ends 
and  easily  deposited  in  place.  The  cloth  folded  about  it  serves  also 
to  protect  the  ice  from  the  heat  of  the  outside  air,  and  holds  any 
bits  of  dirt  that  may  have  been  frozen  into  the  ice,  thus  preventing 
them  from  settling  to  the  floor  of  the  box  or  lodging  in  the  drain 
pipe.  The  cloth  should  be  scalded  after  each  using.  A  folded 
newspaper  laid  on  the  floor  of  the  one-compartment  ice  box  serves 
the  same  pmpose  as  to  cleanliness.  It  must  be  remembered  that 
refrigerator  ice  is  often  dirty,  and  that  it  may  bring  in  putrefactive 
or  even  typhoid  bacilli,  for  most  bacteria  are  resistant  to  low  tem- 
perature and  are  not  destroyed  by  freezing.  On  this  account  no 
food  should  be  brought  into  direct  contact  with  it,  nor  should  it  be 
put  into  drinking  water,  unless  its  purity  is  above  suspicion. 

All  cooked  food  should  be  cooled  as  soon  as  possible  before  being 
placed  in  the  ice  box.  Butter  may  be  kept  from  taking  up  the 
flavors  of  other  food  by  keeping  it  in  a  tightly  covered  receptacle. 
Milk  requires  more  access  of  air,  but  in  a  clean  ice  box  in  which  no 
strong-smelling  food  is  kept  milk  should  remain  iminjured  in  flavor 
for  twelve  to  twenty-four  hours.  If  vegetables  or  other  foods  of 
pronounced  odor  are  kept  in  glass  jars  with  covers  or  in  covered 
earthenware  receptacles  there  will  be  fewer  odors  to  be  communicated. 
Portions  of  canned  food  should  never  be  put  into  the  ice  box  in  the 
tin  can.  Such  food  does  not  of  necessity  develop  a  poisonous  pi*od- 
uct,  as  has  sometimes  been  claimed,  but  experiments  show  that 
ptomaines  are  particularly  Uable  to  develop  in  such  cases.  Casting 
out  this  somewhat  remote  possibility,  the  ''tinny"  taste  acquired 
by  such  keeping  is  enough  to  condemn  the  practice. 

Foods  that  are  to  be  eaten  raw,  such  as  lettuce  and  celery,  should 
be  carefully  cleaned  before  being  placed  in  the  ice  box,  and  may  with 
advantage  be  wrapped  in  a  clean,  damp  cloth.  If  they  are  to  be 
kept  for  some  days  they  should,  however,  be  put  in  without  remov- 
ing the  roots,  the  further  precaution  being  taken  to  wrap  them  care- 
fully in  clean  paper  or  to  put  them  into  grocers'  bags. 

WATER  FOB  COOLINO  FOOD. 

There  are  many  ways  of  lowering  temperature  by  utilizing  the  fact 
that  water  when  evaporating  draws  off  heat  from  surroimding  ob- 
jects.   If  a  pitcher  of  water  be  wrapped  with  a  cloth  which  is  kept 
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saturated  and  exposed  to  a  draft  of  air  the  temperature  of  the  water 
in  the  pitcher  will  be  lowered  by  several  degrees. 

A  receptacle  in  which  food  is  placed  may  be  cooled  in  the  same 
way.  Take  a  wooden  box  with  a  sound  bottom  made  of  one  piece 
and  invert  it.  Tack  a  layer  of  cotton  batting  over  it  and  cover  with 
some  coarse  cloth.  It  is  now  to  be  kept  wet  by  some  contrivance 
that  will  furnish  an  automatic  drip.  The  writer  used  for  this  pur- 
pose an  old  aluminum  pan  which  had  in  it  a  Kalf  dozen  very  tiny 
holes,  and  when  filled  with  water  it  supplied  just  enough  water  to 
keep  the  cloth  saturated.  Under  this  box  lettuce  in  cold  water,  a 
cold  puddingy  a  pat  of  butter,  and  other  food  were  placed  and  kept 
in  good  condition.  A  pan  of  milk  lowered  into  another  of  cold 
water  is  kept  from  souring  many  hours  longer  than  if  it  was  \mpro- 
tected  from  the  surroimding  air.  Spring  water  of  low  temperature 
is  used  by  many  farmer's  wives  to  keep  milk  and  butter  cool,  and  a 
'^spring  house"  is  a  common  thing  on  many  farms,  though  less 
depended  upon  than  was  the  case  before  ice  houses,  refrigerators,  and 
ice  chests  became  so  common. 

It  is  also  an  old-fashioned  practice  to  lower  foods  in  covered  pails 
into  the  well  and  suspend  them  not  far  above  the  surface  of  the  water, 

WINTBB  STOBAGB  OF  FOOD. 

In  the  Southern  States  storage  problems  are  not  the  same  as  in 
r^ons  where  the  winter  is  severe,  and  many  roots  and  other  vege- 
tables may  be  left  in  the  ground  with  little  or  no  protection,  while 
crops  may  even  be  grown  throughout  the  year,  thus  doing  away 
largely  with  the  need  of  winter  storage.  In  the  greater  part  of  the 
United  States,  however,  the  problem  of  keeping  at  least  a  part  of  the 
food  supply  through  the  cold  season  is  an  important  one,  and  the 
more  important  the  longer  the  wmter  season. 

The  farmer  will  without  question  keep  in  cellar  or  storeroom  or 
outside  cave  or  pit  the  surplus  of  what  is  raised  on  the  farm.  Whether 
it  is  wise  for  others  to  buy  food  in  large  quantities  and  store  it  for 
winter  use  depends  on  whether  it  can  be  bought  at  a  sufficiently  low 
price  to  pay  for  the  care  and  risk  that  the  keeping  entails,  as  well  as 
on  market  faciUties,  the  amount  of  storage  space  available,  and  simi- 
lar factors.  But  the  storing  of  smaller  quantities  of  food  is  both 
convenient  and  economical  and  is  an  absolute  necessity  for  famiUes 
who  live  at  a  distance  from  market. 

A  WINDOW  STOBAGB  BOX. 

The  dweller  in  a  small  apartment  who  has  no  cool  cellar  in  which 
to  store  perishable  articles  may  find  an  outside  window  box  useful 
in  winter. 
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A  carpeoter  may  be  hired  to  construct  a  box  that  will  exactly  fit 
outside  a  kitchen  window,  if  possible  oa  the  north  side.  Such  a 
device  has  been  described  in  a  number  of  books  and  bulletins.'  It 
should  come  halfway  up  the  lower  sash  and  contain  two  deep  shelveB, 
and  when  the  sash  is  raised  the  contents  of  these  shelvea  are  easfly 
accessible.  Xn  freezing  weather  the  sash  may  be  left  up,  and  ihva 
the  box  becomes  a  part  of  the  warmed  room.  A  Bash  curtain  wiQ 
conceal  it  from  thi  room.    Such  a  window  box  is  often  fully  as 


Fia.  a.— Window  box  lot  alonge  o(  tood. 

great  a  convenience  in  the  farm  or  village  home  as  in  the  city  flat. 
Figure  2  shows  a  way  in  which  it  may  be  constructed. 

A  more  inexpensive  way  is  to  hang  a  neat  wooden  box,  well  cleaned, 
on  strong  nails  or  spikes  outside  the  window.  A  heavier  box  may  be 
supported  on  brackets.  The  box  should  have  a  tight-fitting  hinged 
lid  and  be  lined  with  asbestos  paper  to  equalize  extremes  of  tem- 
perature, while  a  lining  of  oilcloth  will  admit  of  easy  cleaning.  A 
shoe  box  would  be  good  for  this  purpose.  It  might  be  painted  the 
color  of  the  house. 

»  Goraell  Reading  Gouree  for  Farmers'  Wives,  1.  aei..  No.  1,  p.  6 — P&rm  Hcnas 
mnd  Garden)  No.  3,  p.  52 — Houaekeeping;  ■■l«i  Ttjaj<;ng  T  nmnn  Bap.  1. 
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THE  KEEPnrO  OF  VEGETABLES,  FBTJITS,  AlTD  KEATS. 

The  following  hints  regarding  the  keeping  of  different  kinds  of  food 
may  be  foimd  useful: 

Potatoes  are  kept  without  difficulty  in  a  cool,  dry,  and  dark  place. 
Sprouts  should  not  be  allowed  to  grow  in  the  spring. 

Such  roots  as  carrots,  parsnips,  and  turnips  remain  plmnp  and  fresh 
if  placed  in  earth  or  sand  filled  boxes  on  the  cellar  floor. 

Sweet  potatoes  may  be  kept  imtil  January  if  cleaned,  dried,  and 
packed  in  chaff  so  that  they  will  not  touch  each  other. 

Fiunpkins  and  squash  must  be  thoroughly  ripe  and  mature  to  keep 
well.  They  should  be  dried  from  time  to  time  with  a  cloth  and  kept, 
not  on  the  cellar  floor,  but  on  a  shelf,  and  well  separated  from  each 
other. 

Cabbages  are  to  be  placed  in  barrels,  with  the  roots  uppermost. 

Celery  should  be  neither  trimmed  nor  washed,  but  packed,  heads  up, 
in  long,  deep  boxes,  which  should  then  be  filled  with  dry  earth. 

Tomatoes  may  be  kept  until  January,  if  gathered  just  before  frost, 
wiped  dry,  and  placed  on  straw-covered  racks  in  the  cellar.  They 
should  be  firm  and  well-grown  specimens,  not  yet  beginning  to  turn. 
As  they  ripen  they  may  be  taken  out  for  table  use,  and  any  soft  or 
decaying  ones  must  be  removed. 

Apples,  if  for  use  during  the  autimm,  may  be  stored  in  barrels  with- 
out further  precaution  than  to  look  them  over  now  and  then  to  remove 
decaying  ones;  but  if  they  are  to  be  kept  till  late  winter  or  spring 
they  must  be  of  a  variety  known  to  keep  well  and  they  must  be  hand- 
picked  and  without  blemish  or  bruise.  They  should  be  wiped  dry 
and  placed  with  little  crowding  on  shelves  in  the  cellar.  As  a  further 
precaution  they  may  be  wrapped  separately  in  soft  paper. 

Fears  may  be  kept  for  a  limited  time  in  the  same  way,  or  packed  in 
sawdust  or  chaff,  which  absorbs  the  moisture  which  might  otherwise 
favor  molding. 

Oranges  and  lemons  are  kept  in  the  same  way.  Wrapping  in  soft 
paper  is  here  essential,  as  the  imcovered  skins  if  bruised  offer  good 
feeding  ground  for  mold.  Oranges  may  be  kept  for  a  long  time  in  good 
condition  if  stored  where  it  is  very  cold  but  where  freezing  is  not  pos- 
sible. Lemons  and  limes  are  often  kept  in  brine,  an  old-fashioned 
household  method. 

Cranberries,  after  careful  looking  over  to  remove  soft  ones,  are 
placed  in  a  crock  or  firkin  and  covered  with  water.  A  plate  or  roimd 
board  placed  on  top  and  weighted  serves  to  keep  the  berries  imder 
water.     The  water  should  be  changed  once  a  month. 

In  winter  large  pieces  of  fresh  meat  may  be  purchased  and  himg  in 
the  cellar.    Thin  pieces,  as  mutton  chops,  are  sometimes  dipped  in 
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mutton  suet,  which  keeps  the  surface  from  drying  and  is  easily  scraped 
off  before  cooking. 

Turkeys,  chickens,  and  other  birds  should  be  carefully  drawn  as 
soon  as  killed  and  without  washing  hung  in  the  coolest  available  place. 

Smoked  ham,  tongue,  beef,  and  fish  are  best  put  in  linen  bags  and 
himg  in  the  cellar. 

Salt  pork  and  corned  beef  should  be  kept  in  brine  in  suitable  jars, 
kegs,  or  casks,  and  should  be  weighted  so  as  to  remain  well  covered. 
A  plate  or  board  weighted  with  a  clean  stone  is  an  old-fashioned  and 
satisfactory  device. 

Eggs  may  be  packed  for  winter  use  in  limewater  or  in  water-glass 
solution,  methods  which  are  described  in  an  earlier  bulletin^  of  this 
series.  Many  housekeepers  have  good  success  in  packing  them  in 
bran,  in  oats,  or  in  dry  salt,  but  according  to  experiments  summarized 
in  the  aforementioned  bulletin,  the  preference  is  to  be  given  to  the  10 
per  cent  solution  of  water  glass.  Exclusion  of  the  air  with  its  accom- 
panying micro-organisms  and  the  prevention  of  drying  out  are  what  is 
sought  in  all  cases.  Packed  eggs  are  not  equal  to  fresh  eggs  in  flavor, 
but  when  they  are  well  packed  are  of  fairly  good  quality  and  perfectly 
wholesome. 

STOBAOE  OF  OBOCEBZES,  MEATS,  GOOEXD  FOOD,  AVD  CAnSD 

GOODS. 

Flour  comes  packed  both  in  barrels  and  in  bags,  and  the  form  in 
which  it  shall  be  purchased  and  kept  is  of  importance  to  the  housewife. 
Bags  have  certain  advantages  over  the  barrel  for  both  producer  and 
consimier ;  they  pack  into  freight  cars  with  no  waste  of  space,  and  the 
cloth  for  8  bags  costs  less  than  one  barrel;  for  the  consumer,  also,  it  is 
often  convenient  to  buy  in  small  quantities.  But,  on  the  other  hand, 
the  bag  is  too  often  very  flimsy  in  texture,  so  that  it  allows  flour  to  sift 
out,  and  is  also  easily  soiled  by  contact  with  a  damp  or  dirty  floor. 
The  purchaser  may  well  require  that  the  bags  be  made  of  good  ma- 
terial, so  that  the  contents  may  be  protected  from  dust  and  dirt. 

On  this  question  Prof.  Harry  Snyder,  of  the  University  of  Minne- 
sota, says: 

There  is  no  question  whatever  but  what  flour  improves  by  stcmige  up  to  six  months 
and  it  will  then  hold  its  own  for  some  time,  depending  upon  the  character  of  the  wheax 
and  the  thoroughness  with  which  impurities  are  removed. 

As  a  general  proposition  it  seems  certain  that  it  is  economical  fc»r  the  consumer  to  buy 
flour  in  bulk  rather  than  in  small  sacks  at  a  time.  In  the  fidl  of  the  year  a  smaU  ewck 
of  flour  for  trial  purposes  can  be  purchased  of  the  grocer  and  at  the  same  time  he  can 
set  aside  a  barrel  of  the  same  flour  of  the  same  shipment  for  future  delivery,  provided 
the  first  sample  proves  satisfoctory.  As  a  general  rule  the  price  of  flour  advances  frm 
fall  to  spring  sufficient  to  more  than  cover  the  interest  item  involved  and  at  the  sante 
time  the  consumer  is  assured  of  a  good  quality  of  flour. 

aU.  S.  Dept.  Agr.,  Farmera'  Bui.  128. 
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Aside  from  accidental  contamination  the  chief  destructive  agencies 
in  stored  flour  and  similar  materials  are  fungi  and  bacteria.  The 
fungi  or  molds  break  down  chiefly  the  starches  of  the  flour,  forming 
organic  acids  which  make  the  flour  sour.  The  bacterial  growths 
which  are  present  are  chiefly  forms  which  hquefy  or  break  down  the 
gluten,  the  acid  presumably  aiding  in  this.  This  matter  has  been 
studied  by  H.  G.  Bell,**  among  others,  in  connection  with  the  problem 
of  commercial  storage,  and  he  reconmiends  storage  in  well-lighted, 
warm,  and  dry  rooms  as  a  preventive  of  the  development  of  fungi  and 
bacteria,  a  method  as  applicable  to  farm  and  town  homes  as  to  com- 
mercial conditions. 

The  various  prepared  or  ''self-raising''  flours  are  more  expensive 
than  the  mixture  that  the  housewife  can  easily  make  by  adding  the 
requisite  amount  of  baking  powder  to  flour  and  sifting  it  several 
times.  It  is  a  convenience  and  a  saving  of  time  to  keep  this  mixture 
on  hand,  as  one  sifting  provides  enough  for  a  month's  use  in  cakes 
and  muffins. 

The  fact  that  many  breakfast  cereals  that  were  once  sold  only  in 
bulk  can  be  bought  in  packages  is  a  great  advantage  from  a  sanitary 
point  of  view.  The  contents  of  these  packages,  if  bought  fresh  and  if 
well  cared  for,  will  remain  in  good  condition  for  months.  If  made 
in  clean  factories,  such  goods  have  had  little  chance  for  contamina- 
tion from  dust  and  dirt. 

If  breakfast  cereals  are  bought  in  bulk  they  should  be  kept  in  tight 
receptacles  in  a  cool,  dry  place.  Crackers  may  be  kept  like  break- 
fast cereals,  either  in  the  packages,  in  which  many  sorts  are  marketed, 
or  in  tin  boxes  or  in  jars. 

Com  meal  spoils  more  readily  than  flour,  and  for  most  families 
it  is  best  to  buy  in  small  quantities. 

Rice,  tapioca,  macaroni,  and  similar  dry  materials  may  be  kept 
without  any  trouble  in  covered  cans  or  small  crocks  in  a  dry,  clean 
place.  The  same  method  is  advisable  for  raisins,  Zante  currants, 
evaporated  and  dried  fruits,  and  similar  supplies. 

Sugar  and  salt  are  best  kept,  the  former  in  tin,  the  latter  in  wooden 
or  crockery  receptacles. 

Glass  preserve  jars  are  perhaps  the  best  and  most  convenient  of 
all  containers  for  small  quantities  of  almost  any  food  material. 

BBEAD  AND  OTHBB  COOKED  FOODS. 

While  cooling,  newly  baked  bread  should  be  lightly  covered  with  a 
clean  cloth  or  paper  to  prevent  mold  germs  and  dust  from  falling 
upon  it,  but  should  not  be  tightly  wrapped  in  a  thick  cloth  as  is  the 
practice  in  some  households,  for  unless  it  is  aired  when  taken  from 

a  Oper.  MiUer,  13  (1908),  p.  691;  Amer.  Miller,  37  (1909),  p.  280. 
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the  oven^  it  is  likely  to  become  "soggy"  and  damp  and  thus  offers 
an  excellent  medium  for  cultivation  of  molds.  When  perfectly  cold 
the  bread  should  be  placed  in  a  close  receptacle  that  has  been  thor- 
oughly scalded  and  aired.  If  bread  is  to  be  kept  for  more  than  two  or 
three  days  in  damp,  hot  weather,  the  jar  or  box  should  be  taken  out 
and  sunned  for  a  short  time  now  and  then,  and  again  scalded  and 
dried.  On  no  account  should  portions  of  a  former  baking  be  stored 
with  a  new  batch. 

Cake  and  cookies  should  be  cooled  after  baking  and  kept  in  tin 
boxes  or  in  earthenware  jars,  which,  like  bread  boxes,  should  be 
often  scalded  and  aired.  Even  if  these  foods  are  to  be  eaten  at  the 
next  meal  it  is  well  to  keep  them  in  some  such  receptacle,  as  it  insures 
protection  from  dust.  A  cake,  pudding,  or  pie  put  out  of  a  window 
uncovered  to  cool  or  in  any  other  place  where  it  is  exposed  to  dust, 
and  in  summer  also  to  flies,  is  something  that  no  careful  housewife 
would  place  on  her  table  if  she  stopped  to  think  how  easily  the  food 
may  be  contaminated. 

CANNED  FBUIT8  AND  OTHBB  CANNED  GOODS. 

Commercial  canned  goods  may  be  advantageously  bought  by  the 
dozen  in  the  auttunn,  and  they  do  not  seem  to  suffer  from  even  a  poor 
storage  place,  provided  it  is  not  so  damp  that  the  cans  rust  through. 
If  dirty  or  dusty,  the  cans  should  always  be  carefully  wiped  before 
they  are  opened  to  prevent  accidental  soiling  of  the  contents. 

Vegetables  and  fruits  canned  at  home  and  homemade  jellies, 
jams,  and  similar  foods  should  be  kept  in  dry,  airy  storage  places,  out 
of  direct  b'ght.  The  cans  and  jars  used  should  be  of  good  quality, 
and  all  the  usual  precautions  of  good  rubber  rings  (if  they  are  used), 
and  so  on,  should  be  taken.  These  matters  are  discussed  in  earlier 
bulletins**  of  this  series. 

Canning  may  also  be  made  use  of  daily  for  temporary  preservation 
of  food,  and  it  is  especially  valuable  where  ice-chest  facilities  are  not 
good.  When  making  soup  stock  a  large  quantity  is  made  as  easfly 
as  a  smaU,  and  the  surplus  may  be  poured,  while  hot,  into  fruit  jars 
and  sealed.  Boiled  milk  may  be  thus  canned  and  cooked  vegetables 
which  may  be  at  the  time  plentiful  or  cheap.  Mince  meat  may 
also  be  canned,  but  it  will  keep  a  long  time  in  an  ordinary  receptacle 
if  melted  suet  be  poured  over  the  top. 

Such  canning,  especially  of  soup  stock  or  milk,  is  only  recom- 
mended for  a  few  days'  keeping,  and  every  precaution  should  be 
taken  that  is  familiar  in  the  ordinary  canning  of  fruit  or  vegetables. 

aU.  S.  Dept.  Agr.,  Fanners'  Buls.  203  and  359. 
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LABBUNO  FOODS  IN  PACKAOBS  AND  CANS. 

Many  otherwise  good  housekeepers  are  very  indifferent  about 
labeling.  They  trust  to  their  memory  as  to  what  is  in  each  jar  or 
package,  and  sometimes  with  disastrous  results.  All  stores  should 
be  plainly  labeled. 

GAEE  AND  TTmiZATION  OF  FATS. 

Fats  that  are  derived  from  the  cooking  of  bacon,  ham,  chicken, 
beef,  and  other  meats,  should  be  kept,  each  in  its  own  receptacle,  to 
be  used  for  different  purposes. 

Home  rendering  of  both  suet  and  leaf  lard  has  its  advantages, 
because  the  product  is  generally  superior  to  what  can  be  bought  for 
the  same  price. 

Both  suet  and  leaf  lard  require  cooking  in  order  to  loosen  the  fat 
from  the  tougher  membrane  that  holds  it.  For  this  purpose  the 
material  is  cut  in  small  pieces  and  covered  with  water  and  allowed  to 
cook  slowly  for  some  time  imtil  no  more  water  remains  and  the  scrap 
has  turned  to  a  light  brown. 

A  better  method  for  suet  is  that  used  by  German  housewives,  who 
economize  on  butter  by  the  use  of  beef  fat  more  than  do  American 
housekeepers.  The  suet  is  cut  in  small  pieces  and  covered  with 
water,  in  which  it  is  allowed  to  soak  for  a  day,  the  water  being  changed 
once  in  the  time.  It  is  then  drained  and  put  into  an  iron  kettle  with 
one-half  teacup  of  skim  milk  to  every  pound  of  the  suet.  It  should 
be  cooked  very  slowly  until  the  sound  of  boiling  entirely  ceases. 
When  it  has  partly  cooled,  it  should  be  carefully  poured  off.  This 
fat  has  no  unpleasant  taste  or  odor,  and  in  many  recipes  may  be  sub- 
stituted for  part  of  the  butter.  Some  cooks  add  a  pound  of  leaf  lard 
to  4  or  5  of  the  suet;  this  makes  a  softer  fat,  as  lard  has  a  lower  melt- 
ing point  than  beef  fat. 

An  old-fashioned  method  of  clarifying  fat  from  the  soup  kettle,  or 
from  cooked  meats,  so  that  it  may  be  used  in  the  kitchen,  is  to  add 
the  cold  fat  to  a  liberal  quantity  of  cold  water,  then  heat  slowly  and 
let  cook  for  an  hour  or  more.  When  cold,  the  cake  of  fat  is  removed 
and  the  lower  portion,  which  will  contain  the  small  particles  of  meat, 
etc.,  should  be  scraped  away  and  the  white,  clean  fat  saved.  If  the 
flavor  or  color  or  both  are  not  satisfactory  the  process  may  be  repeated 
several  times.  Another  method  which  is  often  recommended  is  to 
cook  a  number  of  slices  of  raw  potato  in  the  boiling  fat. 

When  an  ice  chest  is  used  fat  in  small  quantities  may  be  easily  kept 
sweet  for  cooking  purposes.  If  lard  is  rendered  at  home  in  quantity 
sufficient  for  a  long  time,  it  should  be  kept  covered  in  tins  or  earthen 
jars,  in  a  cool,  dry  place,  as  in  a  cellar  or  storeroom. 
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In  some  families  where  fat  from  cooked  meats  is  not  used  in  the 
kitchen  it  is  made  into  soap  for  laimdry  or  even  toilet  use.  Diieo- 
tions  for  making  soap  at  home  may  be  f oimd  in  most  good  books  on 
housekeeping.  Some  questions  concerned  with  soap  making  at  home 
are  considered  in  a  discussion  of  laundry  and  other  cleaning  problems 
by  Miss  Rose,^  of  the  Home  Economics  Department  of  the  Agricul- 
tural College  at  Cornell  University. 

Cooking  butter  may  be  bought  at  a  lower  price  than  table  butter, 
but  it  should  be  rendered  before  using.  It  may  be  f oimd  to  have  some 
degree  of  rancidity,  and  to  correct  this  condition  there  must  be  mixed 
with  it  one-fourth  to  1  teaspoonful  of  baking  soda  to  the  pound.  It 
should  be  melted  and  cooked  down  slowly  imtil  the  froth  rises  and  the 
soimd  of  cooking  ceases,  then  skinmied  and  poured  off  carefully  from 
the  dregs.  Unless  to  be  used  immediately,  one-half  tablespoonful  of 
salt  per  pound  should  be  added.  One-third  less  of  this  clarified  butter 
is  equivalent  to  the  quantity  of  ordinary  butter  called  for  in  any 
recipe.  In  India  and  some  other  tropical  countries  this  rendered 
butter,  called  ''ghee"  or  some  other  special  name,  is  a  product  much 
used  by  the  native  population,  and  through  their  example  by  others, 
who  have  f oimd  by  long  experience  that  butter  will  keep  in  good 
condition  in  this  form  while  it  would  generally  spoil  if  stored  as 
made. 

HAHDinrO  OF  FOOD  ASD  TJTEHSILS  IH  THE  KITCHEV. 

The  handling  of  food  before  it  reaches  the  home  is  a  matter  of  the 
greatest  importance  to  the  housekeeper,  as  it  has  a  very  important 
relation  to  the  condition  of  the  food  and  to  its  keeping  qualities, 
wholesomeness,  and  other  characteristics  after  it  is  purchased. 

In  preceding  sections  it  has  been  shown  what  are  the  dangers  from 
market  dirt  and  dust,  from  flies  and  other  animal  life,  from  the  soiled 
hands  and  garments  and  utensils  of  butcher  and  grocer,  milkman, 
and  delivery  boy.  It  is  not  too  much  to  say  that  when  the  food 
reaches  our  door  much  of  it  is  an  object  of  suspicion,  and  this  will  be 
the  case  until  market  inspection  is  far  better  than  at  present.  But 
we  have  now  to  consider  what  treatment  shall  be  given  to  perishable 
food  when  it  comes  into  the  kitchen. 

MEATS. 

The  dealer  must  be  especially  enjoined  to  tie  up  the  meat  in  a 
secure  package,  else  the  brown  paper  in  which  it  is  loosely  wrapped 
will  not  protect  it  thoroughly  in  transit.  This  paper  should  not  go 
with  the  meat  into  the  ice  box. 


o  The  Laundry:  Cornell  Reading  CouiBee  for  Farmen*  Wives,  n.  b.  1,  R^i^jtf^tifm, 
1909.  No.  3. 
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When  meat  is  received  the  skin  side  should  be  rubbed  with  a  cloth 
wet  in  hot  water  and  then  carefully  scraped  with  a  knife.  The  thin 
outer  skin  of  lamb  should  be  entirely  removed  in  order  to  avoid  the 
disagreeable  taste  due  to  any  contact  with  the  hair  of  the  animal. 
The  cut  surface  should  also  be  carefully  scraped,  and,  to  prevent  dry- 
mg,  be  covered  with  paraffin  paper  or  rubbed  with  salad  oil,  or,  in 
case  the  meat  is  to  be  kept  for  some  time,  entirely  covered  with 
melted  suet.    The  meat  should  then  be  put  on  a  plate  in  the  ice  box. 

POT7LTBY. 

The  skin  of  poultry  is  frequently  very  dirty  when  brought  from 
market  and  fowls  should  be  not  only  washed,  but  scrubbed  with  a 
soft  brush  and  warm  water  in  which  a  teaspoonful  of  baking  soda 
has  been  dissolved.  Such. treatment  will  prevent  the  disagreeable 
''henny  "  taste  often  noticeable  in  cooked  poultry. 

Poultry  should  be  drawn  immediately,  and  unless  it  is  known  to 
have  been  killed  very  recently  it  should  be  thoroughly  washed  on 
the  inside  and  used  soon.  Poultry  that  is  drawn  directly  after 
killing,  on  the  contrary,  keeps  better  if  it  is  not  washed  until  used. 
(See  also  p.  23.)  It  should  be  hung  in  a  cold  place  or  put  in  the  ice 
box  with  a  piece  of  charcoal  inside  the  body. 

Cold-storage  chickens  should  under  no  circumstances  remain  in  a 
warm  room  before  cooking.  Such  poultry  must  be  kept  at  a  low 
temperature  and  cooked  as  soon  as  possible.  All  cold-storage  food 
when  brought  into  a  warm  temperature  spoils  quickly,  and  without 
doubt  many  cases  of  illness  traced  to  the  use  of  such  food  are  really 
due  to  careless  handling  and  delay  in  cooking. 

WASHING  VEOBTABLB8. 

If  deteriorated  vegetables  are  brought  into  the  kitchen  no  method 
of  handling  will  restore  them  to  first-class  condition.  Even  good 
ones  will  not  be  at  their  best  unless  they  are  properly  cared  for  after 
being  received.  After  all  that  has  been  said  in  this  bulletin  regard- 
ing the  possibilities  of  dangerous  micro-organisms  having  lodged 
upon  vegetables,  it  may  seem  superfluous  to  insist  again  that  any 
which  are  to  be  eaten  raw  should  be  thoroughly  washed.  It  is  of 
course  useless  to  wash  them  with  water  which  is  itself  dangerous,  and 
in  any  case  where  the  water  supply  is  not  considered  safe  for  drink- 
ing, boiled  water  should  be  used  for  washing  vegetables  and  fruit  after 
the  first  rough  dirt  has  been  removed  by  hydrant  water. 

As  to  the  method  of  washing  vegetables,  a  few  cautions  are  in 
order.  Some  people  never  choose  asparagus  at  table  unless  it  has 
been  prepared  by  some  one  who  is  very  careful,  as  they  do  not  wish 
to  bite  down  on  sand,  for  the  cleaning  of  this  vegetable  requires  con- 
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science  as  well  as  care.  The  bunch  should  be  placed,  heads  down,  in 
water  for  some  hours  and  should  be  shaken  back  and  forth  to  db- 
lodge  the  particles  of  earth.  Spinach  is  another  v^etable  whidi 
requires  the  best  cleansing  to  free  it  from  grit.  After  the  roots  have 
been  cut  off  it  should  be  washed  in  a  number  of  waters  and  lifted 
out  of  the  pan  each  time  in  loose  handfuls  before  the  water  has  been 
drained  off. 

Celery  and  lettuce  and  other  salad  plants,  because  eaten  raw, 
must  be  washed  with  the  greatest  care.  They  should  be  searched 
leaf  by  leaf  for  insect  life,  washed  in  several  waters,  and  then  wiped 
dry  with  a  clean  cloth  and  put  in  a  cold  place  to  become  crisp. 

WASHING  FBUITS. 

A  German  investigator,  B.  Ehrlich,"  having  estimated  by  careful 
experiments  the  number  of  bacteria  to  be  found  on  market  fruit, 
tried  different  methods  of  washing  it  without  injuring  the  flavor. 
He  washed  grapes, /apples,  and  pears  that  had  been  exposed  to  street 
dust,  each  time  examining  the  wash  water  for  the  number  of  bacteria 
present.  While  the  first  wash  water  yielded  large  numbers,  the 
second  contained  only  a  few,  and  the  third  a  negligible  number.  A 
basin  of  water  was  used  for  the  purpose,  the  fruit  being  moved  about 
in  it.  When  running  water  was  used,  five  minutes'  time  was  allowed. 
Fruits  with  a  firm,  smooth  skin  should  be  rubbed  before  washing 
with  a  clean  cloth  to  start  the  dirt. 

The  cleaning  of  delicate  berries  is  a  difficult  matter.  Such  fruit 
should  be  purchased  with  care  to  avoid  all  that  are  too  soft  or 
which  show  sand  or  other  visible  dirt.  Strawberries,  because  they 
grow  so  near  the  ground,  should  not  be  purchased  after  a  rain, 
which  will  spatter  them  with  muddy  drops.  Only  the  freshest 
and  cleanest  berries  should  be  served  raw;  more  doubtful  specimens 
should  be  cooked.  By  immersing  them  in  water  a  few  at  a  time  and 
handling  carefully,  such  fruits  may  be  washed  without  much  loss  of 
flavor.  These  matters  are  also  discussed  in  an  earlier  bulletin  ^  of 
this  series. 

Dried  figs  and  dates  are  very  commonly  eaten  without  cooking,  or 
even  washing,  and  yet  they  have  been  exposed  for  an  unknown 
length  of  time  to  the  contagion  brought  by  dust,  flies,  and  dirty 
hands.  In  how  many  houses  are  oranges  washed  before  they  are 
brought  to  the  table,  or  the  lemon  before  it  is  sliced  for  the  tea  or 
lemonade,  or  before  the  skin  is  grated  for  flavoring?  Yet  the  skin  is 
often  very  dirty. 

Shelled  nuts  purchased  in  market  should  always  be  washed  and 
scalded  before  they  are  used,  as  they  are  commonly  exposed  to  dust, 

«  Arch.  Hyg.,  41  (1901),  p.  152.  b  U.  S.  Dept.  Agr.,  Farmers'  Bui.  293. 
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and  perhaps  to  flies.    They  can  afterwards  be  dried  on  a  clean  cloth 
before  using. 

Many  careful  housewives  wash  nuts  in  the  shell  before  cracking, 
as  this  prevents  accidental  soiling  of  the  kernels. 

WASHING  BOOS. 

The  ordinary  way  to  break  an  egg  is  to  hit  it  against  another  egg 
or  over  the  edge  of  the  mixing  bowl  and  let  the  contents  stream  over 
the  side  of  the  shell  without  considering  whether  the  latter  is  clean  or 
not.  Even  if  there  is  no  visible  dirt,  the  shell  may  not  be  as  clean 
as  it  seems,  for  it  may  have  come  from  a  dirty  nest  or  have  been 
iintidily  handled.  Eggs  should  therefore  always  be  washed  before 
breaking. 

DISHWASHINO. 

The  bacteriologist  finds  no  kitchen  clean  enough  and  the  ordinary 
methods  of  washing  dishes  he  is  likely  to  call  a  ''smear." 

Dishes  have  been  tested  to  determine  the  niunber  of  organisms 
that  remain  on  them  after  ''ordinary"  washing  as  compared  with  a 
method  that  requires  an  application  of  hot  water  with  the  help  of 
soap  or,  better  still,  carbonate  of  soda,  a  thorough  rinsing  in  hot  water, 
and  wiping  with  a  sterilized  cloth  (that  is,  one  which  has  been  in 
boiling  water  since  it  was  iised  before).  By  this  latter  method  the 
dishes  were  practically  sterile  while  many  organisms  were  left  on  the 
dishes  that  were  washed  by  the  "ordinary"  method. 

One  might  ask  what  harm  will  they  do  if  present.  Oftentimes 
none,  but  if  the  bacteria  are  those  which  convey  disease,  dirty  dishes 
may  be  the  means  of  giving  it  to  well  persons.  But  most  of  all, 
persons  who  are  at  all  thoughtful  of  such  things  do  not  want  any 
dirt  which  may  be  prevented  by  good  methods,  simply  because  dirt 
in  itself  is  sufiSciently  impleasant. 

In  washing  milk  utensils  it  is  first  necessary  to  remove  with  warm 
water  all  traces  of  the  milk  before  scalding  water  is  used.  Because 
of  the  cream  adhering  to  the  sides  soap  is  used  also,  but  the  greatest 
care  must  be  taken  to  remove  by  repeated  rinsing  every  trace  of 
soap.  A  telltale  flavor  of  soap  in  the  morning  cream  has  more  than 
once  revealed  careless  habits  in  the  kitchen,  and  made  it  evident 
that  all  the  soap  was  not  removed  in  rinsing.  The  utensils  must 
then  be  dipped  into  absolutely  boiling  water  for  a  moment. 

It  is  an  important  matter  to  wash  the  milk  bottle  in  which 
milk  is  now  commonly  delivered  to  customers.  By  this  we  refer 
to  the  washing  of  the  full  bottle  before  it  is  opened.  It  is  safe  to 
say  that  this  is  seldom  done.  But  notice  the  bottle  as  it  is  brought 
into  the  kitchen,  the  milkman  grasping  it  with  his  hand  over  the  top. 
These  hands  perhaps  more  often  than  not  have  harnessed  his  horse, 

875 


42  CABE  OF  FOOD  IS  THE  HOME. 

have  been  grasping  the  reins  all  the  morning,  have  opened  and  AaA 
doors,  run  along  stair  railings,  have  perhaps  wiped  mouth  or  nose, 
and  yet  the  thoughtless  housekeeper  or  cook,  regarding  the  white 
cap  as  fuU  security  from  the  outer  world,  pours  out  the  milk  over 
a  very  dirty  bottle  brim.  Milk  bottles  should  be  put  under  the  hot 
water  spigot  for  a  moment  and  wiped  dry  with  a  clean  cloth  before 
opening.  Most  housewives  agree  that  milk  bottles  should  be  c&refullj 
rinsed  before  they  are  returned,  perhaps  more  from  a  feeling  for 
cleanliness  than  for  absolute  necessity,  as  the  milk  bottles  in  all  well- 
managed  dairies  are  thoroughly  scrubbed  and  washed  before  refilling. 
If  such  violations  of  this  practice  as  recently  came  imder  observati<Hi 
are  noted,  when  the  driver  of  a  dairy  wagon  washed  out  some  milk 
bottles  in  a  public  drinking  f oimtain  provided  for  horses,  refilled  them, 
and  disposed  of  them  to  other  customers,  complaint  should  be  made 
to  the  dairy,  and  if  this  is  not  sufficient,  to  the  board  of  health. 

CABB  OF  THE  WATER  COOLBB. 

Water  is  an  indispensable  food  adjunct  and  so  may  be  properly 
spoken  of  here.  The  water  and  the  ice  supply  should  both  be  above 
suspicion.  The  question  of  weUs,  water,  and  ice  supply  has  been 
discussed  in  earlier  bulletins  of  this  series.^  The  greatest  care  should 
be  taken  to  keep  clean  and  in  good  condition  all  vessels  in  which 
water  is  used  for  household  purposes.  Water  coolers,  if  iised,  should 
be  of  some  material  like  porcelain  or  enameled  ware  which  is  easily 
kept  clean.  They  should  be  scalded  out  at  frequent  intervals.  The 
ice,  if  it  comes  in  contact  with  the  water,  should  be  of  known  quality. 
If  such  ice  can  not  be  secured,  a  water  cooler  should  be  \ised  in  which 
the  ice  is  in  a  separate  receptacle  and  does  not  come  in  contact  with 
the  water.  Many  families  cool  drinking  water  by  putting  it  in  the  ice 
box  in  glass  fruit  jars  or  bottles.  Perfect  clearness  is  an  indication  of 
purity  in  ice.  Cloudy  ice  full  of  bubbles  or  snow  ice  should  not  be 
used  in  direct  contact  with  food,  and  ice  which  contains  dirt  of 
various  kinds  frozen  in  it  should  be  regarded  with  suspicion. 

If  it  is  believed  that  the  water  is  not  pure,  it  may  be  boiled  ot 
filtered,  or  both.  If  filters  are  used,  every  precaution  should  be 
taken  to  keep  them  clean  and  in  good  condition  and  to  rely  only  on 
such  as  really  purify  the  water.  Earthenware  filters  may  be  sterilized 
by  placing  in  a  pan  or  kettle  of  water  and  boiling  them  out  after  they 
have  been  thoroughly  scrubbed  with  a  brush.  A  small  piece  of 
wood  should  be  placed  imder  the  jar  to  prevent  direct  contact  with 
the  bottom  of  the  pan. 

The  water  cooler  in  public  places  should  always  be  in  charge  of  t 
responsible  person  who  will  keep  it  clean  and  in  good  conditioiL 

a  U.  S.  Dept.  Agr.,  Farmere'  Bub.  43,  73,  262,  309. 
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Some  sort  of  a  sanitary  drinking  fountain  is  desirable.  The  public 
drinking  cup  of  the  sort  usually  seen  should  not  be  permitted.  It  is 
uncleanly  and  furnishes  a  ready  means  of  transmitting  disease. 

Recent  experiments  made  by  the  Kansas  State  Board  of  Health  ^ 
give  results  which  are  in  accord  with  the  work  of  other  investigators 
and  plainly  showed  the  presence  of  mouth  bacteria  and  other  micro- 
organismSy  including  those  which  cause  pneumonia,  on  drinking  cups 
from  an  office  building,  a  ward  school,  and  a  railroad  station.  This 
means  that  the  user  of  the  public  drinking  cup  runs  the  risk  of  taking 
into  his  mouth  more  or  less  of  the  saliva  of  some  other  person  and 
may  take  with  it  micro-oi^anisms  causing  virulent  disease  as  well  as 
the  ordinary  mouth  bacteria  which  are  doubtless  harmless.  These 
unpleasant  and  dangerous  features  may  be  avoided  by  the  use  of 
proper  drinking  fountains  and  cups. 

In  many  homes  a  glass  or  cup  is  placed  by  the  water  pail  or  water 
cooler  and  is  used  by  all  the  members  of  the  family.  Such  a  custom 
should  not  be  followed.  Although  it  is  necessarily  less  dangerous 
than  the  public  drinking  cup,  it  is  npt  a  cleanly  practice  and  is  many 
times  without  doubt  responsible  for  the  spread  of  colds  and  other 
minor  ailments  throughout  a  family. 

PBBSONAL  CLBANUNBSS  IK  THB  KITOHBN. 

There  may  sometimes  be  observed  in  the  cooked  dish  a  loss  of 
flavor,  not  a  bad  taste,  but  a  lack  of  what  is  appetizing.  It  would  be 
interesting  to  know  in  how  many  cases  this  comes  from  a  lack  of 
cleanliness  in  utensils  and  methods. 

Personal  cleanliness  is  of  course  essential  in  the  kitchen,  and  every 
good  housekeeper  endeavors  to  maintain  a  high  standard  in  such 
matters.  Some  food  manufactories  make  special  efforts  to  secure 
cleanliness  and  hygienic  surroundings,  and  the  good  example  they  set 
should  be  generally  followed. 

"Food  and  fingers  are  carriers  of  contagion."  The  proper  way 
of  washing  the  hands,  if  seriously  taught  and  seriously  practiced,  in 
the  market  and  in  the  kitchen,  would  go  far  to  remove  the  source  not 
only  of  infection  but  of  such  additions  to  the  food  as  are  disgusting 
to  think  of.  In  this  matter  some  food  manufactories  are  cleaner  in 
their  methods  than  are  our  kitchens.  In  one  large  bakery,  where 
information  was  collected,  the  rule  is  in  force  that  every  employee 
shall  wash  his  hands  on  returning  to  the  room  after  leaving  it  for  any 
purpose  whatever. 

The  running  tap,  like  the  shower  bath,  offers  a  great  improvement 
over  old  methods  of  washing.  Few  will  have  patience  to  fill  and 
refill  the  hand  basin  until  the  hands  are  bathed  at  last  in  clean  water, 

a  Bui.  Kans.  Bd.  Health,  5  (1909),  No.  3,  p.  76. 
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but  this  result  is  easily  accomplished  under  the  tap.  The  naQbrod 
and  nail  cleaner  must  have  their  place  in  the  kitchen,  and  their  use 
must  be  insisted  on  before  bread  or  cake  is  mixed  and  after  work  at 
aU  soiling  in  character. 

Every  one  will  admit  that  there  is  need  for  exercising  great  care 
in  coughing  and  sneezing  wherever  such  necessary  acts  may  be 
annojring  to  others.  When  one  recalls  that  experiment  has  shown 
that  a  fine  spray  of  saliva  may  be  thrown  in  all  directions  for  a  dis- 
tance of  4  or  5  feet  by  a  violent  sneeze  or  cough  and  that  often  the 
cause  of  the  cough  or  sneeze  is  something  which  can  be  thus  com- 
municated to  others,  it  is  evident  that  there  is  abundant  reason  for 
caution.  Particularly  is  this  essential  wherever  food  is  prepared, 
exposed,  or  served. 

TJSB  OF  PAPBB  IN  THB  XITCHBN. 

Paper  has  many  uses  in  the  kitchen.  The  cook  needs  a  piece  of 
paper  on  which  to  drain  the  fried  croquette  or  fritter  and  she  reaches 
out  for  the  brown  paper  that  came  around  the  meat  or  for  the  grocer's 
bag.  She  turns  to  the  same  source  when  she  wishes  paper  lor  lining 
a  cake  pan.  A  little  reflection  will  show  how  far  from  cleanly  is  this 
practice. 

In  every  kitchen  should  be  found  a  roll  of  grocer's  paper  on  its 
frame.  You  are  sure  here  of  something  that  has  not  been  handled 
since  it  was  rolled  up  by  machinery  in  the  factory.  Paraffin  paper 
should  also  be  at  hand  for  covering  food,  for  wrapping  up  sandwiches 
for  school  lunches,  and  for  similar  piu*poses. 

IMPOBTAlfCE   OF   GOOD   HOUSE   PLABTS   AlID   HOME   COHVEI- 

lEVCES. 

The  care  of  food  in  the  home  and  all  other  forms  of  hous^old 
work  are  greatly  facilitated  by  right  planning  and  the  use  of  suitable 
materials  for  the  construction  and  furnishing  of  the  home.  An 
adequate  and  convenient  water  supply  and  other  conveniences  are 
essential,  not  only  for  comfort  and  for  saving  labor,  but  also  from 
the  standpoint  of  home  hygiene.  The  question  of  home  conveniences, 
the  arrangement  of  a  kitchen,  and  similar  topics  are  considered  in 
other  bulletins^  of  this  series  and  in  many  volumes  on  the  house 
and  house  construction.* 

a  U.  S.  Dept.  Agr.,  Fannere'  Bula.  270,  317,  342. 

bThe  Healthful  FarmhouBe.    Boston,  1906.    The  House,  Its  Plan,  DecKvatiaD, 
and  Care.    Isabel  Bevier.    Chicago,  1907. 
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CLEAHIIHESS  DT  PTTBUG  EATDTO  PLACES. 

The  sanitary  condition  of  kitchens  and  the  food  service  in  hotels 
and  other  places  where  food  is  served  to  the  public  is  a  matter  to 
which  most  persons  who  patronize  them  have  given  at  least  occa- 
sional thought. 

Perhaps  the  most  common  attitude  toward  this  subject  of  the 
"temporary  home,"  as  toward  markets  and  other  places  where  food 
is  handled  or  prepared  before  it  reaches  the  home  kitchen,  is  that  it 
is  least  disturbing  to  put  it  out  of  mind  and  to  forget  unpleasant 
things  which,  it  is  assumed,  can  not  be  remedied. 

This  is  not  the  right  attitude,  for  the  subject  has  a  direct  relation 
to  comfort  and  to  health  and  is  one  in  which  public  sentiment  is  per- 
haps the  chief  factor  in  securing  regulation.  Legislation  regarding 
the  inspection  and  regulation  of  hotels,  restaurants,  and  other  places 
where  meals  are  served  is  in  force  in  some  cities  and  contemplated 
in  others.  The  results  of  the  inspection  of  restaurant  and  lunch-room 
kitchens  in  Washington,  D.  C,  by  the  board  of  health  indicates  that 
the  matter  is  one  which  needs  to  be  under  control,  and  concerning 
which  the  public  has  a  right  to  full  information,  so  that  the  clean 
places  may  be  patronized  and  the  others  avoided. 

Proper  ventilation  in  hotel  and  restaurant  kitchens,  suitable  sani- 
tary conveniences  for  employees,  and  whatever  else  makes  for  clean 
food  are  matters  of  pubhc  hygiene  which  are  of  the  same  importance 
as  is  the  case  with  bakeries,  markets,  candy  factories,  and  other  places 
where  food  is  handled. 

There  are  other  matters  which  are  also  worth  considering  in  this 
connection. 

It  is  no  very  unconmion  thing  to  notice  in  a  hotel,  restaurant,  or 
dining  car,  and  often  in  those  which  pride  themselves  on  the  excel- 
lence of  their  service,  practices  which  would  not  be  permitted  if  due 
attention  was  paid  to  all  matters  of  hygiene.  For  instance,  it  may 
be  sometimes  noted  that  finger  bowls  which  htve  not  been  washed 
since  a  previous  service  are  placed  before  guests.  Soiled  napkins 
may  also,  be  seen  occasionally  in  use  for  wiping  off  table  dishes  before 
service.  It  is  certain  that  such  practices  where  they  exist  would  not 
continue  if  supervision  by  the  management  was  as  thorough  as  it 
should  be  or  if  patrons  were  not  indifferent  to  them  or  lacking  in 
observation. 

The  public  owes  a  duty  to  the  management  in  such  matters  and 
all  such  violations  of  the  laws  of  hygiene  and  cleanliness  should  be 
reported  to  the  proper  person.  Here,  as  in  most  other  instances,  the 
remedy  lies  in  the  hands  of  the  public. 
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On  the  other  hand,  there  is  no  ground  for  a  general  suspicion  (rf 
the  methods  in  use  in  hotels  and  restaurants.  Probably  in  the  majority 
of  cases  a  great  deal  of  attention  is  given  to  kitchen  and  serving-rooin 
equipment,  which  is  designed  as  regards  both  material  and  method 
of  construction  in  such  a  way  that  it  may  be  readily  kept  clean,  and 
good  hotels  and  restaurants  are  constantly  endeavoring  to  make  sure 
that  food  is  handled,  cooked,  and  served  in  a  cleanly  manner.  In 
general,  carefully  managed  hotels  welcome  inspection  of  their  kitchens 
and  storerooms  by  visitors. 

In  conclusion  it  may  be  said  that  the  preparation  of  food  must 
more  and  more  come  to  be  considered  as  an  occupation  that  requires 
of  the  person  who  undertakes  it  knowledge  and  habits  quite  beyond 
what  is  now  expected  of  a  person  who  is  simply  a  "good  cook." 

It  is  even  more  essential  that  the  housewife  who  buys  food  and  who 
attends  to  her  own  food  preparation  should  have  such  knowledge. 
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sheep,  market  classes,  note 360 

Buildings,  cement,  e£fect  of  alkali 353 

farm,  lightning  rods 367 

foundations,  treatment  of  cement  and  sandstone  to  pre- 
vent disintegration  from  alkali 353 

metal  roof,  protection  from  lightning 367 

rat-proof,  construction 369 

storehouse  for  onions,  construction 354 

Bulls,  dairy  farm,  management 355 

Burrows,  mouse,  obliterating  methods 352 

Butter,  composition  and  fuel  value 363 

cooking  treatment 375 

marketmg,  prices,  etc..  West  Washington  dairy  fsrm 355 

rendtt^,  manufacture,  uses,  etc 363 

sweet,  making,  uses,  etc 363 

Buttermilk,  forms,  uses,  etc 363 

By-products,  peanut,  uses 356 

Caffe  trap  for  rats,  description 369 

Calves,  aairy  farm,  rearing 355 

Candy,  peanut,  directions  for  making • 356 

Canned  goods,  storage,  suggestions 375 

Canning  vegetables,  caution 359 

in  the  home 359 

Carbohydrates,  milk,  nature,  percentage,  etc 363 

Carbon  bisulphid,  remedy  for  mound-building  prairie  ant 353 
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Carbon  bisulphid,  use  against  peanut  insects 356  38 

rats,  directions 369  17 

Carmichael,  B.  E.,  experiments,  as  to  relative  vabie  of  com  and 

H  oats  for  work  horsee 374  24-26 

Carnations,  bursting,  causes,  remedies,  etc 360  7-8 

Carrots,  canning,  durections 359  14 

Catch  crop,  peanuts,  value 356  36-36 

Cattle,  beef,  long  feeding;  compared  with  short  feeding,  experiments.  374  17-19 

contagious  abortion 374  19-22 

hook-woim  disease 366  17-19 

loss  from  tuberculosis 351  2 

tuberculosis,  diagnosis 351  2 

prevalence 351  2 

tuberculin  test 351  1-8 

Cauliflower,  canning,  directions 359  14 

Cellar,  home,  requirements 375  27-28 

Cement  structures,  effect  of  alkali 353  20-21 

Cercoapora  personata^  leaf-spot  of  peanut,  description,  remedy,  etc. .  356  39 

"Certified**  milk,  definition  and  value 363  19 

value,  etc.,  comparison  with  other  market  milk. .  366  26-27 

Oiarlock,  eradication  by  spraying,  directions 360  16 

Check  box,  use  in  preparing  land  for  irrigation,  description 373  29 

Cheese,  composition  and  nutritive  value 363  37-38 

cottage,  preparation  and  uses 363  38-39 

makmg,  coagulation  of  milk,  effects  of  glass,  metals,  etc —  353  17-19 

Chicago,  milk  supply,  methods,  conditions 366  .  21-22 

Chickens,  Black  Minorca,  management  for  egg  production 355  33-39 

breeding  for  eg^  production 355  33-39 

stock,  selection,  suggestions 357  5-6 

Brown  L^hom,  management  for  egg  production 355  33-39 

classes  for  market • 355  39 

fattening,  amount  of  grain  required  to  produce  one  pound 

offlesh 357  20 

for  market 357  19-20 

feeding,  requirements  for  one  hen  for  year 357  33 

killing  for  market,  method 353  12 

males  and  culls,  management,  disposal,  etc 355  29-30 

selection 355  38-39 

Plymouth  Rock,  manag^ement  for  egg  production 355  33-39 

raising  by  hens,  suggestions 357  6-8 

with  incubator 357  8-17 

range  and  feeding 357  17-19 

Chicks,  brooder  house,  treatment 357  13-17 

feeding 255  28-29 

methods 357  13-17 

management  in  brooder 355  26-29 

Cities,  milk  supply 366  20-28 

Gtrus  culture,  Southern  Texas 374  7-11 

trifoliata,  value  as  stock  for  citrus  fruit  growing  in  Texas 374  9 

Clabber,  uses,  value,  etc 363  40-41 

"Clarified  milk,"  application  of  term 363  20 

Clearfield  drainage  experiment,  Utah,  results,  etc 371  22-24 

CUmate,  relation  of  forests 358  29-36 

"Clotted  cream,"  preparation  and  uses 363  39 

Clover,  growing  for  seed,  rotation  with  potato  crop 365  25-26 

hay,  alsike  and  red,  nutritive  content 362  17 

fertilizing  content 362  14 

value 362  27 

seed,  commercial,  adulteration,  vitality,  etc 353  5-7 

light  compared  with  heavy,  number  per  pound,  etc. . .  353  5 

purity,  importance 353  6 

use  with  meadow  fescue  for  pasture 361  9 

value  in  rotation  on  potato  farm 365  14-15 

Clover-seed  fanning,  possibilities,  su^eestionis,  etc 370  13-15 

Coal-tar  preparations,  use  against  chicken  mites 355  24 
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GockerelB,  feeding  for  market 357 

treatment,  dispoeal,  etc 355 

Cole,  L.  J.,  remarks  on  tne  crow  as  a  menace  to  poultzy  raising 366 

Concrete  buildings,  effect  of  alkali 353 

use  in  rat-proof  buildings 369 

Condensed  milk,  preparation,  uses,  etc 363 

Conductors,  lightning,  and  nonconductors 367 

copper,  andiron^  comparison 367 

Conradi,  A.  F.,  and  E.  Bamett,  investigation  of  hook-wonn  disease 

of  cattle 366 

Convolvulus  arvensis.    See  Bindweed,  field. 

califomicus.    See  Bindweed,  California. 

sepium  repenSy  description 368 

See  also  Bindweed,  hedge. 

Cooking,  use  of  milk 363 

Coop,  for  hen  and  brood,  su^estions 357 

Cooper,  T.  P.,  and  E.  C.  Jnurker,  investigations  of  farm  lalxnr  in 

Minnesota 366 

Copper  sulphate,  remedy  for  wild  mustard 360 

use  in  spraying  p>otato  crop 365 

Coppice,  simple  and  stored,  management 358 

Corn  ana  soy  beans,  mixed  crop,  management 372 

breeding,  ten  generations 366 

canning,  directions 359 

feed  for  work  horses,  experiments 374 

growing  on  South  Carolina  cotton  farm 364 
eight  of  ears  on  stalk,  results  of  six  generations  of  breeding. . .  366 

hills,  distance  apart,  effect  on  yield,  etc 360 

hulled,  composition,  digestibihty,  etc 360 

inclination  of  ear  to  stalk,  five  generations  of  breeding,  results. .  366 

kernels  to  hill,  proper  number 360 

pork,  production 370 

protein  and  oil  content,  results  of  ten  generations  of  breeding. .  366 
Cormu  brachyrhynchos.    See  Crow. 

Cottage  cheese,  preparation,  and  uses 363 

Cotton  farm,  profitaole 364 

equipment 364 

varieties  on  South  Carolina  cotton  farm 364 

Cotton-seed  meal,  feeding  value,  comparison  with  soy  beans 372 

Cover  crops,  citrus  fruit  culture,  Texas,  suggestions 374 

winter^  for  South  Carolina  cotton  farm 364 

Cowpea  hay,  nutritive  content 362 

Cowpeas  ana  soy  beans^  mixed  crop  for  hay,  management,  value,  etc.  372 

comparison  with  soy  beans 372 

growing  on  South  Cfarolina  cotton  fum 364 

Cows,  abortion,  contagious 374 

dairy,  feeding,  management,  etc 370 

value  of  soy  beans,  experiments 372 

winter  and  summer 355 

management  for  clean  milk 366 

on  West  Washington  farm 355 

dnringand  freshening,  management 355 

effect  of  machine  milking 366 

feed,  vetch  hay  and  silage 360 

Cox,  H.  R.,  bulletin  on  "The  eradication  of  bindweed  or  wild  morn- 
ing-glory'» 368 

Cream,  digestibility 363 

evaporated,  preparation,  uses,  etc 363 

whipping  quality,  discussion  and  suggestion 363 

Cresol,  disinfectant  and  insecticide  for  poultry 357 

soap,  making,  directions,  value  as  disinfectant,  etc 357 

use  as  disinfectant  and  insecticide  for  poultry 357 

Cresolis  compositus,  liquor,  use  as  disinfectant  for  poultry 867 

Crib,  rat-proof,  construction 869 

Crop  rotation,  cotton  farm 364 

dairy  farm 870 
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Crop  rotation,  for  hay  lands,  importance  of  legumee 362  15 

grain  and  clover  mrms 370  14-17 

hayfarm 370  10-12 

hojjfarm 370  23-26 

onion  culture 354  9 

peanut  culture,  sug^tions 356  11-13 

potato  growing,  Maine 365  8 

sheep  farm 370  21-22 

value  of  meadow  fescue 361  13-14 

soy  beans 372  20 

Crops,  injury  by  bindweed . .  / 368  5-7 

Nevada,  losses  from  mouse  plague 352  9-10 

silage,  West  Washington 355  11-12 

smothering,  use  in  eradication  of  bindweed 363  13-14, 17 

Crow  blackbird,  food 374  30-31 

danger  to  poultry 366  28-29 

food  requirements 366  28-29 

Crows,  destruction  of  eggs  and  poultry,  preventive  measures,  sug- 
gestions    366  29 

Curing  onions  for  storing 354  22 

peanuts,  directions 356  20-22 

Cuti  tuberculin  test,  nature,  results,  etc 351  4 

Cutworms,  damage  to  onion  crop 354  35 

Dairy  and  poultry  &urm,  successful ^ 355  1-40 

West  Washinfiton,  income 355  20, 40 

bam,  requirements  for  clean  muk 366  25 

cows,  feed,  kale 360  30-31 

vetch  hay  and  silage 360  29-30 

feeding,  value  of  soy  beans,  experiments 372  21 

&urm,  ice  box,  construction,  materials,  etc 353  29-31 

management,  returns,  etc 370  27-33 

herd,  management  on  west  Washington  dairy  fsjm. 355  12-19 

products,  west  Washington  dairy  fa^,  disposal,  prices,  etc  . .  355  19-20 

** Devonshire  clotted  cream,''  preparation  and  uses 363  39 

Dielectric,  definition 367  9 

Digestion^  processes 363  21-23 

Dishwashing,  care,  importance,  etc 375  41-42 

Disinfectants,  p>oultry  nouse,  preparation,  application,  etc 357  34-36 

use  in  poultry  raising 355  24, 29, 37 

Ditches,  irrigation,  construction 373  31-36 

Dodder,  description,  harm  fulness,  etc 353  6-9 

eradication  by  iron  sulphate  solution 360  17 

in  alfalfa  seed 353  7-9 

DoDOB,  Lawrbncb  G.,  bulletin  on  ''Farm  management  in  northern 

potato-growing  sections" 365  1-31 

Dogs,  injury  to  sheep,  note 374  24 

value  as  ratters,  note 369  16 

in  destruction  of  field  mice 352  20 

Dough,  mixing  with  fat,  methods 360  32 

Downy  mildew,  onions,  description,  remedies,  etc 354  34-35 

Dra^,  brush  for  obliterating  mouse  burrows 352  18 

Drainage,  irrigated  lands,  field  construction 371  49-50 

preliminary  considerations,  etc 371  47-49 

methods  for  several  conditions 371  44 

of  irrigated  lands 371  1-52 

peaty  soil,  Washington  dairy  and  p>oultry  farm 355  8 

preliminary  determinations 371  47 

surface,  treatment  of  worn-out  cotton  fsnn 364  10 

Drained  lands,  care,  treatment,  etc 371  51 

Drains,  obstruction  by  roots,  danger 371  11 

Drawing  poultry  for  market,  directions 353  13-14 

Driveways,  clearing  of  weeos 360  15 

Dry  regions,  growing  potatoes  under  straw,  suggestions 353  9-10 

Dugat  orange,  hardiness,  experiments 374  8 

Dust,  composition,  relation  to  impure  foods,  caution,  etc 375  17-18 
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Eggplant,  canning,  directiona 359  IS 

Eggs,  classes  for  market 355  39 

infertile  from  incubator,  use  as  chicken  feed 355  26 

use  as  chicken  feed 357  14 

keeping  quality.  e£fect  of  season,  environment,  etc 353  14-15 

preservation,  selection,  care,  etc 353  14-15 

washing,  importance,  note -  375  41 

"Electrical  field, '^ use  of  term 367  9 

"potential,*' use  of  term 367  9-10 

Electricity,  ongin 367  8 

Electrification,  positive  and  negative 867  8-11 

English  bluegra^s.    See  Fescue,  meadow. 

Ensilage,  soy  beans,  value,  remarks 372  18 

Ewes,  oreeaing,  market  classes  and  grades 360  27 

care  at  &mbing  time,  prevention  of  losses 374  22-24 

feeder,  classes  and  grades 360  26-27 

feeding  before  lambing,  suggestions 374  23 

management  on  sheep  tarm 370  1^23 

market  classes 360  23-24 

Experiment  Station  Work— L 353  1-32 

LI 360  1-32 

LII 366  1-32 

LIII 374  1-32 

Farm  buildings,  lightning  rods 357  14-20 

cotton,  profitable 364  1-23 

dairy  and  poultry,  cropping  system 355  9-11 

ditches,  irrigated  lands,  construction 373  31-^ 

management  in  northern  potato-growing  sections 365  1-31 

j)Oultry  and  dairy,  successful 355  1-40 

power  laundry 353  81-32 

produce,  consumption  per  man,  Minnesota  farms 366  31 

replanning  for  profit 370  1-36 

Farms,  poor  returns,  causes 370  35 

six  types,  incomes,  table 370  33-34 

management,  results,  etc 270  10-85 

Fat,  mixing  into  doughy  methods 360  32 

rendenne  for  cooking  purposes,  recipes 375  37-38 

Fats,  care  and  utilization  in  the  home 375  37-38 

milk,  nature,  percentage,  etc 363  11 

Feed,  chicken,  amount  of  grain  to  produce  1  pound  of  flesh 357  20 

cow,  vetch  hay  and  silage 360  29-30 

peanuts,  varieties  used 356  31 

value  of  8oy  beans  compared  to  other  feeds 372  20-22 

Feeder  sheep,  classes  and  eraaes 360  24-27 

Feeding  beel  cattle,  short-fed  compared  with  long-fed,  experiments.  374  17-19 

c^ickene {!f?  ^^« 

dairy  cows,  winter  and  summer 355  15-17 

stuffe.  dan^r  from  weed  seeds 366  16-17 

trough,  chicken,  description 357  18-19 

work  horses^  experiments 374  24-26 

Fences,  dog-proof,  directions  for  building,  cost,  etc 374  24 

wire,  danger  from  lightning,  prevention 367  13 

Ferrets,  use  against  rats,  remarks 369  17 

Fertilizer  for  soy  beans,  use  of  acid  phosphate 372  20 

Fertilizers,  commercial,  use  in  onion  culture 354  12-13 

cotton,  on  worn-out  cotton  farms 364        13, 19-20 

for  timothy  hay 366  6-10 

onion  culture 354  11-13 

peanut  culture 356  12-13 

relation  to  yield  on  South  Carolina  cotton  fonn 364  19-20 

Fertilizing  elements  in  hay 362  14-16 

Fescue,  meadow,  culture  and  uses 361  1-22 

e£fect  on  soil 361  14 

enemies 361  14-16 
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Fescue,  meadow,  experiments  in  EMt,  results 361  16-17 

history,  description,  value,  etc 361  8 

importance,  present  and  future 361  18 

yield,  comparison  with  other  grasses 861  17 

tall,  habits,  yield,  etc 361  li^21 

rust  resistance,  importance,  etc 361  flQ-21 

Feituca  eUuior.    See  Fescue,  meadow;  Fescue,  tall. 
praterme.    Ste  Fescue,  meadow. 

Fish,  quality,  importance 376  24 

Flavor,  milk,  inmiences 368  14 

Flies,  house,  carriers  of  disease,  suggestions,  etc 875  14-17 

Flooding  land,  winter,  use  in  destroying  field  mice 852  19 

Floods,  causes 858  38-40 

Flour,  biscuit,  experiments  with  strong  wheat  flour  and  soft  wheat 

flour 374  31-32 

storage,  suggestions 375  84-85 

Flumes,  use  in  lo^;ing 358  28 

Food,  care  in  the  home 375  1-46 

farm  laborer,  Minnesota,  daily  and  annual  consumption  per 

man 366  81 

infants',  use  of  milk 363       24,2&-27 

soy  beans,  use  in  foreign  countries 372  5 

storage  methods 375  26-82 

supply,  effect  of  pure-food  law,  remarks 375  19-80 

use  of  milk 363  1-44 

Foods,  raw,  danger 375  18-14 

Forage  crop,  peanuts,  value 356  35, 36 

soy  beans,  value,  extent,  etc 372  5-6 

peanut,  handling,  curmg,  etc ^  37-38 

plants,  native  ofarid  regions,  nutritive  value 374  12-16 

Forest  management 358  8-29 

reserves,  history,  extent,  etc 358  46-48 

yield,  methods  of  determination 358  7-8 

Forestry,  early  and  modem 358  41-42 

foreign  and  American 358  40-48 

practical 356  1-48 

S rimer.  Part  2,  Practical  forestry 368  1-48 

tate,  note 358  48 

Forests,  relation  to  climate 358  29-36 

requirements  for  best  service 358  6-7 

seed,  management 358  12-16 

United  States,  extent,  history,  etc 358  44-46 

Formaldehyde  treatment  for  potato  scab 365  17 

FoRTiBR,  Samuel,  bulletin  on  ' '  Irrigation  of  alfalfa  " 373  1-48 

Fowls,  marketing,  killing,  dressing,  etc 353  12-14 

France,  forestry  schools,  conditions,  etc 358  42-43 

Freezes,  protection  of  citrus  trees,  Texas 374  10-11 

Fbolby.  J.  W.,  and  C.  Bbaman  Smfth,  bulletin  on  ^'Replanning  a 

farm  for  profit " 370  1-36 

Fruits,  keeping,  suggestions 375  33-34 

wasning,  care 375  40-41 

Fumigation,  destruction  of  mound-building  prairie  ant 353  16-17 

for  potato  scab,  management 365  17 

use  against  rats,  directions 369  17-18 

Furrower,  use  in  preparing  land  for  irrigation,  description 373  29 

Garbage,  relation  to  rat  pests 369  8-9 

Garland  drainage  experiment,  Utah,  cost,  results,  etc 371  12-15 

Garlic,  description,  note 354  30 

Gases,  use  in  rat  destruction 369  17-18 

Ckttes,  irrigation  ditch,  description 373  32 

Germany,  forestry,  schools,  conditions,  etc 358  42 

Germicide,  cresol  soap,  value,  manufacture,  etc 357  35-36 

"Ghee,"  preparation,  uses,  etc 375  38 

(rendered  butter)  manufacture,  uses,  etc 363  87 

*  *  Goober  pea.  * '    See  Peanut. 
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Goodrich,  C.  L.,  bulletin  on  "A  profitable  cotton  feirm " 3W 

Gopher  vine.    See  Bindweed. 

Graded  milk,  imp>ortance,  suffgestionfi 363 

Grader,  use  in  preparing  landlor  irrigation,  and  deecription 373 

Grading  onions,  methocu 354 

Grafting,  bridge,  remedy  for  girdled  trees 360 

Graham.  C.  K.,  directions  for  preparing  fowls  for  market 353 

Grain,  cnicken  feed,  amount  required  to  produce  1  pound  of  flesh. .  357 

Grape  fruit,  ^wing,  Texas,  experiments 374 

Grapes,  prunmg 374 

Grass,  Bermuda,  uses,  eradication,  etc 374 

lands,  native,  preparation  for  irrigation 373 

top-dressing 366 

Grasses,  mixtures  for  pasture,  value  of  meadow  fescue 361 

native  of  arid  regions,  nutritive  value 374 

Groceries,  storage,  suffiestions 375 

"Groimd  pea,"    -&««jreanut. 
"Groundnut."    See  Peanut. 

Groimdwater,  rise,  effect  on  alfalfa 373 

Grubber,  sagebrusn,  description 373 

Gtdllotine  trap  for  rats,  description 369 

Gumbo,  canning,  directions 359 

HanroWj  disk,  use  in  onion  culture 354 

Harrowing,  potato  cultivation,  importance 365 

Harvesting  Bermuda  onions 354 

onion  crop,  methods 354 

peanut  crop,  methods. 356 

p>otato  crop,  methods  in  Maine.... 365 

soiling  crops,  west  Washington  dairy  farm 355 

soy  beans 372 

Hawks,  enemies  of  field  mice 352 

Hay  areas,  United  States 362 

aroma,  conditions  affecting 362 

choice,  maximum  of  weeds  and  other  grasses 362 

crop,  percentage  by  States 362 

rotation,  suggestions  for  New  York 366 

digestibility,  conoitions  affecting. 362 

grades  adopted  by  the  National  Hay  Association 362 

industry,  fectors 362 

lands,  increase  in  value  by  States,  table 362 

need  of  rotations  with  leguminous  crops 362 

low  grade,  causes 362 

value,  remedy,  etc 362 

market,  conditions  affecting 362 

meadow  fescue,  value 361 

palatability,  conditions  affecting 362 

peanut,  feed  value 356 

poisoned,  remedy  for  field  mice 352 

potato  farm  in  Maine,  question 365 

prices  for  forty  years 362 

soy  bean  and  cowpea,  mixture  in  growing,  value,  management, 

etc 372 

cutting,  curing,  etc 372 

note 372 

stacking,  losses 362 

timothy,  manures  suitable 366 

trade,  southern,  demands,  etc 362 

vetch,  and  vetch  silage  for  cows 360 

yield  affected  by  mice 352 

Ser  acre,  increase  from  1865  to  1905 362 

_  ^  ,  zing  contents  of  different  kinds 362 

native  of  arid  regions,  nutritive  value 374 

nutritive  substances,  table,  etc 362 

Hays,  Willet  M. ,  investigations  of  farm  labor  in  Minnesota 366 
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Farmers' 
BuUetin  No.  Page. 

Heifers,  dairy  herd,  suggeetions 365  19 

Hen  house.    See  Poultry  houses. 

with  brood,  management 367  7-8 

Henry,  Alfred  J.,  bulletin  on  "Lightning  and  lightning  con- 
ductors"   366  1-20 

Hens,  age  for  breeders 365  32 

broody,  management 355  35-36 

care,  effect  on  keeping  quality  of  eggs 363  14 

com|)ared  with  incubators,  experiments 353  10-12 

feedmg,  amount  per  bird  i>er  year 357  33 

layers  and  breeders,  selection 355  31-32 

laying,  care  and  management 355  35-36 

sitting,  management 357  6-7 

Hog  fsurm^  management,  returns,  etc 370  23-27 

feedmg  value  of  com,  pork  production 370  23 

Hogs,  fattening,  use  of  peanuts 356  37 

feeding,  value  of  peanuts 356  33 

soy  beans,  experiments 372  22 

management,  marketing,  etc.,  on  Washington  dairy  farm. . .  .  355  19-20 

soy  bean  pasturage,  value,  management,  etc 372  15-16 

use  in  eradication  of  bindweed 368  14-16 

Home  canning,  vegetables 359  1-16 

care  of  lood 375  1-46 

Hominy,  composition,  digestibility,  etc 360  31-32 

Hook,  poultry,  for  holding  fowls  for  plucking 353  13-14 

Hook-worm,  cattle,  eradication,  etc.,  suggestions 366  18-19 

disease  of  cattle 366  17-19 

Horses,  raising  on  potato  farm 365  24 

work,  feedmg,  experiments 374  25-26 

House  flies,  carriers  of  disease  germs,  suggestions,  etc 375  14-17 

rat.    See  Rat. 

Houses,  potato,  construction 365  13-14 

poultry,  construction,  various  kinds,  etc 357  20-31 

description,  cost,  etc 355  21-23 

protection  from  lightning 367  13-20 

Huntineton  drainage  experiment,  Utah,  cost,  results,  etc 371  26-32 

Hyde  I^k  drainage  experiment,  Utah,  cost,  results,  etc 371  7-11 

Hydrocyanic-acid  gas,  use  against  rats,  caution,  etc 369  1 7 

*'  Hygienic  "  milk,  application  of  term 363  19 

Ice  box,  cheap  and  efficient,  for  dairy  farm 353  29-31 

chests,  description,  care,  etc 375  29-30 

machine,  home,  use,  etc 375  29 

Implements,  eradication  of  bindweed 368  12-13 

'     14-15, 17, 
19,21,22-23, 
126, 29, 33, 34 
onion  culture,  description,  value,  etc 354  10-11, 17, 19 

peanut  culture,  description ^^17  18  19-21 

potato  growing,  description 365        10-11, 13 

Inbreeding,  cnickens,  results 355  33 

Incubation,  moisture  requirements 357  9-10 

poultry  farm  in  west  Washington 355  25-26 

Incubator  room,  arrangement,  management,  etc 357  9-10 

west  Washington  poultry  farm,  arrangement,  etc  . .  355  25 

Incubators  compared  with  hens,  experiments 353  10-12 

«.o«o«>r«^«f                                                                          /355  25-26 

management i*^^?  r~q 

Indemnity,  tuberculous  animals,  suggestions 351  7 

India,  British,  forestry,  history,  and  conditions 358  44 

Infant  foods 363        24, 25-26 

Inoculation  for  al&dfa 374  5-7 

soy  beans,  methods 372  13-14 

27783—10 2 
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Farmcfs' 
BuUetin  No. 

Insecticide,  poultry,  use  of  cresol  and  compounds 357  34-36 

Insects  injurious  to  peanuts 356  38 

Insulators,  lightning 367  8 

Iron  sulphate,  remedy  for  wild  mustard 360  16 

Irrigatea  lands,  abandoned  and  unprofitable,  area 371  5 

drainage 371  1-52 

needing  drainage,  classes 371  45 

Irrigation,  alfalfa 373  1-48 

methods 373  13-31 

border  method 373  13-16 

check  method,  description 373  16-20 

conditions  suitable 373  ^10 

flooding  method,  description 373  2^25 

furrow  method,  description 373  25-35 

onion  culture,  management 354  20-21 

use  in  destruction  of  field  mice , 352  13-19 

Jars,  fruit,  kinds,  description,  etc 369  8 

opening 358  16 

Junket,  preparation,  uses,  etc 363  38 

Kale,  thousand-headed,  feed  for  dairy  cows,  value,  digestibility,  etc.  360  30-31 

Kansas,  meadow  fescue,  culture,  value,  etc 361  8-16 

Kitchen,  cleanliness  of  utensils  and  person,  importance 375  43-44 

Koch,  invention  of  tuberculin,  note 351  3 

Kohl-rabi,  canning,  directions 359  14 

Kumquats,  growing  in  Texas,  experiments 374  3-9 

Labor,  dairy  farm,  requirements,  cost,  etc 870  32-33 

farm,  hours,  wages,  and  cost  of  board  in  Minnesota 366  90-32 

wages  on  Washington  dairy  and  poultry  farm 355  8-9 

hours,  wages,  and  cost  of  board  on  Minnesota  farms 366  30-32 

Lambs,  feeder,  classes  and  grades 360  24-26 

grades  for  mutton,  market  requirements,  etc 360  18 

"hothouse,"  market  requirements 360  27-28 

losses  at  lambing  time,  prevention 374  22-24 

Lamps,  brooder  house,  danger 357  12-13 

Lana,  clearing  for  irrigation,  methods 373  10-13 

new,  preparation  for  onion  crop 354  9 

Lands,  hay,  increase  in  value  by  States,  table 362  13-14 

irrigated,  drainage 371  1-52 

Lantz,  David  E.,  bulletin  on  "How  to  destroy  rats" 369  1-20 

Laundry,  power,  for  farm 353  31-32 

Lawns,  spraying  for  weeds 360  17 

"Lazy  bed,"  method  of  growing  potatoes  under  straw 353  10 

Leaf-spot,  peanut,  description,  remedy * 356  39 

Leek,  description,  cultivation,  etc 354  30 

Legume  crop,  value  in  rotation  for  timothy  hay 362  8 

Legumes,  effect  on  soil  compared  with  timothy  crop 362  15 

Lemons,  growing  in  Texas,  experiments 374  8 

Level  era,  use  in  preparing  land  for  irrigation,  and  description 373        21,22,23 

Lice,  chicken.    See  Mites. 

Lightning  and  lightning  conductors 367  1-20 

rods,  connections,  terminals,  and  adjustments 367  16-18 

for  farm  buildings 367  14-20 

Lima  beans,  canning,  directions 359  14 

Lime  for  alfalfa 374  5-7 

* '  Liquor  cresolis  compositus, ' '  use  as  disinfectant  for  poultry 357  34-36 

Live-stock  farming,  planning,  considerations,  etc 370  17-19 

feeding  on  farms  of  various  types 370      11, 18-21, 

23-26,28-31 

importance  in  potato  farming 365        19, 23-24 

raising  on  Soutn  Carolina  cotton  farm 364  17-18 

Logging,  skidding,  floating,  hauling,  etc 358  25-28 

Long  Island,  potato  growing ■. 865  16-17 
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F&nners' 
BuUetin  No. 

Louisville,  milk  supply,  methods,  etc 366 

Lumbering,  conservative,  methods,  suggestions,  etc 358 

Machine,  ice,  for  the  home,  use,  etc 375 

peanut-picking,  description,  value,  etc 356 

Machines,  milking,  effect  on  individual  cows 366 

Maggot,  onion,  control  measures 354 

Maine,  Aroostook  County,  potato  growing,  methods 365 

poultry  management  at  agricultural  experiment  station 357 

Mammals,  enemies  offield  mice 352 

rats 369 

Mangolds,  feeding  to  poultry,  method 357 

Manure,  application  to  potato  fields 365 

barnyard,  use  m  onion  culture 354 

dairy  farm,  management 355 

use  in  potato  growing 365 

Manures  for  timothy  hay 366 

Market,  Pacific  Coast  for  winter  lambs 374 

sheep,  classes  and  grades 360 

Marketing  fowls,  killing,  dressing,  eto 353 

onions,  methods 354 

potatoes,  methods  in  Maine 365 

Markets,  food,  sanitation,  suggestions,  eto 375 

McClure,  Habry  B.,  bulletin  on  '^Conditions  affecting  market 

hay" 362 

Meadow  fescue,  culture  and  uses 361 

hay,  rotation  of  crops,  suggestions 362 

Meal,  peanut,  uses 356 

Meats,  freshj  care  in  the  home 375 

keeping  at  home,  suggestions 375 

quality^  prices,  eto 375 

vegetarian,  use  of  peanuts,  note 366 

Medic,  black,  description  of  seeds 353 

harmf  ulness  by  adulteration  of  clover  seed 353 

Medicago  lupuUna.    See  Medic,  black. 

Mesquite  tree,  removal  from  land,  cost,  methods,  eto 373 

Mice,  field,  control  methods 352 

destruction  to  vegetation 352 

habits,  nature,  eto 352 

natural  enemies 352 

Michels,  John,  description  of  cheap  ice  box  for  feurm 353 

sterilizer  for  milk  vessels 353 

Michigan,  potato  growing 365 

Micro-organisms,  use  against  rats,  remarks 369 

Mierotus  montanxa^  distribution,  habits,  eto 352 

Milk,  "blended,**  application  of  term 363 

cans,  cause  of  sour  milk 366 

rusty,  effect  on  coagulation  of  milk 353 

care  in  the  home 363 

certified,  definition  and  value 363 

value,  eto.,  compared  with  other  market  milk 366 

Chicaj^,  conditions 366 

"clarified,"  application  of  term 363 

clean,  production,  requirements 366 

coagulation  in  cheese  making,  effect  of  glass,  metals,  eto 353 

commercial,  classification  proposed 366 

composition  and  charactonstics 363 

variations 363 

condensed,  preparation,  uses,  eto 363 

consumer,  sugjsrestions 366 

cooked,  digestibility  compared  with  raw  milk 363 

effect  on  infants 363 

depots,  condition,  Chicago  and  Louisville 366 

digestibility 363 


Page. 

22-24 
22-29 

29 

24-25 

19-20 

35 

7-15, 16 

1-39 

21-22 
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33 

24-25 

11-12 
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19 

6-10 

25 

17-18 

12-14 

27-29 
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1-29 

1-22 

20 

33 

38-39 

33-34 

23 

33 
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11-12 
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11 
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27-29 

18-20 

18 

12 

19 

23 

18-19 
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26-27 

21-22 

20 

25 

17-19 
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BuDettn  No. 
Milk,  dirt  in,  effects,  prevention,  etc 363 

distribution  to  customers,  methods |xS 

dried,  preparation,  uses,  etc 363 

fermented  preparations,  uses,  etc 363 

flavor,  influences 363 

gr&diug)  importance,  suggestions 363 

nomo^nized,  use  of  term 363 

"hygienic,"  application  of  term 363 

impure,  causes 366 

Louisville,  conditions 366 

mare's,  uses 363 

mineral  content 363 

modified,  use  of  term 363 

nutrients,  cost  compared  with  other  foods 363 

nutritive  value  compared  with  other  foods 363 

powdered,  preparation,  uses,  etc 363 

preparation  for  delivery,  directions 366 

preservation,  methods 363 

products,  composition  and  fuel  value 363 

profit  of  producer.  Louisville 366 

protein  compounds 363 

purity  and  effect  on  health,  some  conclusions 366 

sales,  distribution  of  returns,  Louisville 366 

"sanitary,"  application  of  term 363 

skim,  use  in  feeding  chickens |xt2 

sour,  uses,  value,  etc 363 

sources  and  kinds,  composition 363 

specific  gravity,  freezing  point,  etc 363 

* 'standardized,"  application  of  term 363 

supply  of  cities 366 

transmission  of  diseases,  caution 363 

use  as  food 363 

vessel  sterilizer,  cheap  and  efficient 353 

vessels,  care,  requirements  for  clean  milk. 366 

rusty,  effect  on  milk 353 

Milking,  clean^  requirements 366 

machme,  effect  on  individual  cows 366 

MiLNBR,  R.  D.,  bulletin  on  "The  use  of  milk  as  food" 363 

Minnesota  farms,  wages,  hours  of  labor,  and  cost  of  board 366 

Mites,  chicken,  control  measures 355 

on  hen  and  brood 357 

use  of  cresol  and  its  compounds: 357 

MoHLBR,  John  R.,  bulletin  on  "The  tuberculm  test  of  cattle  for 

tuberculosis  " 351 

Molds,  food,  cause,  prevention,  etc 375 

Morning-glory,  wild.    See  Bindweed. 

Mortar,  quality  for  cement  structures  in  alkali  sections 353 

Mound-building  prairie  ant,  description,  habits,  harmfulness,  etc. .  353 

Mouse,  black,  distribution,  damage,  etc 352 

plague,  Nevada,  1889-92 352 

1907-8 352 

control  methods 352 

outbreak  in  Nevada,  history 352 

plagues,  ori^  and  progress 352 

Muck  soils,  large  nitrogen  content 366 

treatment - 366 

use  in  onion  culture 354 

Mulch,  use  in  growing  seed  potatoes 353 

Musca  domesticay  earner  of  aisease  germs,  suggestions,  etc. 375 

Muscadine  ^pes^  pruning 374 

Mu$  norvegxctUy  history,  lue  habits,  etc 369 
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20 

41 
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12-13 

19 
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15 

1-44 

27-29 

25 

19 

25 

19-20 

1-44 
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21 
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Fanncfs' 
Bulletin  No.         Pafe. 

Mustard,  wild,  eradication  by  spraying,  directiona 360  16 

Mutton  sheep,  classes,  grades,  etc 360  lS-24 

Nebraska,  meadow  fescue,  ciiltujre,  value,  etc 361  8-16 

Nests  for  sitting  hens^  arrangement,  etc 357  6-7 

trap,  construction^  value,  etc 357  36-39 

use  in  selectmg  breeding  stock 357  6 

Neufchatel  cheese,  note 363  39 

Nevada,  mouse  plague,  1907-8 352  1-23 

New  York^potato  growing,  methods 365  16-18 

NiBLSBN,  Bl.  T.,  and  C.  V.  Pipbr,  bulletin  on  "Soybeans" 372  1-26 

Nitrate  of  soda,  use  in  top  dressing  onion  crop 354  13 

North,  potato-growing  sections,  fmi  management 365  1-31 

Oat  rust,  enemy  to  meadow  fescue 361  14 

Oats,  feed  for  work  horses,  experiments 374  25-26 

growing  on  South  Carolma  cotton  farm 364  16 

Offden  drainage  experiment ,  Utah,  results,  etc 371  20-22 

Oil,  peanut, -mue,  and  usee 356  33,34 

Okra,  canning,  directions 359  13 

Olson,  G.  A.,  experiments  on  effect  of  glass,  metals,  etc.,  on  the 

coagulation  of  inilk 353  17-19 

Onion,  climatic  and  soil  reouirements 354  6-8 

crop,  tillage,  methoos,  requirements,  etc 354  17-19 

time  required  for  production 354  7 

United  States,  value,  yield,  etc 354  5-6 

culture 354  1-36 

Egyptian,  ^wing  in  Mississippi  valley,  note 354  6 

enemies,  diseases,  insects,  etc 354  33-36 

nowing,  moisture  requirements 354  7 

habitat,  history,  uses,  etc 354  5-6 

maggot,  control  measures 354  35 

potato,  description,  note 354  30 

seed.  Northern  grown,  advantages 354  7 

planting,  amount  to  acre,  etc 354  14-16 

sets,  planting,  amount  to  acre,  etc 354  17 

thrips,  control  measures 354  35 

Onions,  Bermuda,  growing,  cost,  profits,  etc 354  30-32 

harvesting,  marketing,  etc 354  30-32 

fi^een  for  bunching^  growing,  marketing,  etc 354  32-33 

harvesting  and  curing 354  21-24 

importations 354  5 

varieties,  important  commercial 354  29-30 

weight  per  bushel 354  29 

Ophthalmo  tuberculin  test,  results,  etc 351  4 

Orange  culture,  Texas,  experiments 374  7-8 

Satsuma,  hardiness,  experiments 374  8 

Oranges,  mandarin  type,  growing  in  Texas,  outlook 374  10-11 

varieties  suitable  for  southern  Texas,  experiments 374  7-8 

Orchards,  advantages  and  injury  from  bindweed 368  6-7 

Oregon,  kale  for  dairy  cows,  value,  yield,  digestibility,  etc 360  30-31 

western,  value  of  vetch 360  29-30 

Owls,  enemies  of  field  mice 352  21-22 

Paris  green,  use  in  spraying  potato  crop 365  11-12 

Parker,  E.G.,  and  T.  P.  Cooper,  study  of  farm  labor  in  Minnesota 366  30-32 

Parsnips,  canning,  directions 359  14 

Pasteurization,  milk,  method 363  16-17 

Pasture,  meadow  fescue,  value 361  12-14 

soy  bean,  value  for  hc«8 372  15-16 

Pasturing,  use  in  eradication  of  bindweed 368  14-17 

Peanut  butter,  directions  for  making 356  32 

candy,  directions  for  making 356  32 

crop,  1908,  value 356  7 

disease,  description,  remedy 356  38-39 


14 


INDEX. 


FtfUMfs' 
BoUeUnNo. 

Peanut,  farm  crop,  importance 356 

forage,  handling,  curing,  etc 356 

erowing,  usee,  etc 356 

History,  description,  etc 366 

hulls,  compositicm,  value,  etc 856 

insect  injurious 356 

meal,  uses 356 

oil,  industry,  outlook,  possibilities,  etc 356 

Bses,  value,  etc '. 356 

plant,  forage  value 856 

preparations,  description 356 

soil,  climatic  requirements,  etc 356 

value  as  nitrogen  gatherer 356 

in  crop  rotation  in  South 356 

vines,  feed  value 356 

Peanut-picking  machine,  description,  value,  etc 856 

Peanuts,  feeding  value  compared  witli  other  feed  stuffs 356 

fertilising  value  of  roots 356 

food  use,  forms,  im|)ortance,  etc 856 

marketing,  preparation 356 

varieties,  description,  value,  etc 356 

yield  per  acre 356 

Pearl,   Raymond,  bulletin  on  *' Poultry  management  at  Maine 

AgriculturtJ  Experiment  Station  " 357 

Peas,  oannine,  directions 359 

Peat  soils,  use  in  onion  culture 354 

Peavine.    See  Bindweed. 

Pelt,  importance  in  marketing  sheep 860 

Pennsylvania,  indemnity  for  tuberculous  animals 351 

Pet  animals,  aanger  as  disease  carriers 375 

Phosphorus,  use  against  field  mice,  results,  etc 352 

rate,  methods,  caution,  etc 3^ 

Pigs,  management  on  west  Washington  dairy  farm 355 

PiNCHOT,  GiPPORD,  bulletin  on  **  fiactical  Forestry  " 358 

"Pindar."    5«  Peanut. 

Piper,  C.  V.,  and  H.  T.  Nielsen,  bulletin  on  **Soy  beans" 372 

Stanley  E.,  bulletin  on  "The  Nevada  mouse  plague  of 

1907-8" 352 

Pit  trap,  construction,  management,  etc 369 

Planer,  levee,  use  in  |)reparing  land  for  irrigation,  description 373 

Planter,  potato,  description 366 

Planting  peanuts,  time,  methods,  etc 356 

potato,  methods  in  Maine 365 

soy  beans,  directions 372 

PloWj  disk,  use  in  onion  culture 354 

Plowing  new  land  for  irrigation,  methods,  cost,  etc 373 

on  worn-out  cotton  farm 364 

onion  culture 354 

peanut  culture 356 

Plucking  fowls  for  market 353 

Point  Lookout  drainage  experiment,  Utah,  cost,  results,  etc 371 

Poisoned  hay,  remedy  for  field  mice 352 

Poisons,  rat,  recommendations,  management,  etc 369 

use  against  field  mice 352 

Potato  crop,  handling 365 

importance  in  northern  States 365 

digger,  use  in  harvesting  peanuts,  cost,  etc 356 

growing,  Maine,  methoofs 365 

Michigan  and  Wisconsin 365 

profits,  Maine 365 

United  States,  statistics 365 

harvesting,  methods  in  Maine 865 

houses,  construction,  Maine 365 
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Fanners' 
Bolletlii  No.         Page. 

Potato  onions,  deecriptioDy  note 354  30 

seed,  Northern  grown,  vftlue  for  Sonthem  growers 365  7 

selection 865  26-28 

Potatoes,  cost  of  production 365  2(V-22 

destruction  by  field  mice 353  5 

growing  in  Northern  sections,  farm  HHmagement 365  1-31 

under  straw 353  ^10 

yield,  various  sections 365  6,7,1^20,21 

Poultry  and  dairy  farm,  successful 355  1-40 

west  WadixDgton,  income 355  20, 40 

care  in  the  home 375  39 

danger  from  crows 866  28-29 

destruction  by  rats,  note 369  9 

drawn,  comparison  with  undrawn 375  23-24 

hoiises,  building,  arrangement,  cost,  etc 374  26-80 

construction  of  various  kinds,  cost,  etc 357  20-21 

curtain-front,  construction 357  22-31 

description,  cost,  etc 355  21-23 

management,  Maine    Agricultural     Experiment    Station, 

methods 357  1-89 

of  west  Washington  dairy  and  poultry  farm. .  355  21-40 

marketing,  killing,  dressing,  etc 353  12-14 

raising,  colony  houses 374  2^-SO 

hens  compared  with  incubaiors,  esperim^its 353  10-12 

Maine 357  1-39 

yards,  BugeestioBs 857  31 

Prairie  ant,  mound-building,  description,  habits,  harmfulness,  etc. .  353  15-17 

Preeervation,  egKs,  selection,  care,  etc 353  14-15 

muk,  methods 363  15-18 

Preservative,  water  glass  for  eggs,  prepantion 353  14-15 

Preservatives,  milk 363  15-18 

"Preserving  powders,*' caution 359  8 

Propaj^tion,  onions 354  14-17 

Protem  compounds  of  milk 363  10-11 

Pruning  grape  vines,  sap  lost  at  different  seasons,  table 374  12 

rotundifolia  ^pes 374  11-12 

street  trees,  importance,  mistakes,  etc 360  14 

Ptomaine  poisoning,  sources,  cautions,  etc 375  11-12 

Ptuscinia  coronata,  enemv  to  meadow  fescue 361  14 

Pullets,  April,  value  as  layers 357  6 

care  and  management ^...  355  30-32 

Pumpkin,  canning,  directions 359  15 

Quack-grass,  extermination  in  potato  fields 365  15 

Rabbits,  destruction  of  soy  bean  crop,  note 372  7 

Rainfall,  conservation  by  forests,  etc 358  35-40 

Rams,  market  classes  and  grades 360  24,27 

Rat  bait,  recommendations 369  11 

brown,  history,  life  habits,  etc 369  5-6 

Norway,  history,  life  habits,  etc 369  5-6 

traps,  description  and  management 369  11-14 

Rats,  dangei^as  aisease  carriers 375  18-19 

destruction,  fence  and  battue  method 369  14 

methods 369  1-20 

value  of  organized  efforts,  suggestions,  experi- 
ments, etc 369  19 

enemies,  natural 369  9-10 

exclusion  from  buildings,  management 369  6-9 

house,  species,  note 369  5 

Red  clover  hay,  nutritive  content 362  17 

Redtop  hay,  nutritive  content 362  17 

Refrigerators,  home,  description,  care,  etc 375  29-30 

Restaurants,  public,  importance  of  cleanliness 375  45-46 


16 


INDEX. 


BuDetliiNo. 

Richfield  drainage  experiment.  Utah,  cost,  results,  etc 371 

Ridger,  use  in  preparing  land  tor  irrigation,  description 373 

Roosting  houses,  construction 357 

Root  crops,  destruction  by  field  mice 352 

Rotation,  crop,  for  onion  culture 354 

potato  growing  in  Maine 365 

Rotundif olia  grapes,  pruning 374 

Rust,  enemy  to  meEuiow  fescue 361 

Sagebrush,  removal  from  land  for  irrigation,  methods,  cost,  etc 373 

Salt  sickness  of  cattle 366 

Saltbush,  nutritive  value,  experiments 374 

Sandstone,  effect  of  alkah../. 353 

"Sanitary"  milk,  application  of  term 363 

Satsuma  orange,  harainess,  experiments 374 

Scab,  potato,  preventive  measures 365 

Schools,  forestry 358 

Scourge.    See  rlague. 

Scrapers,  use  in  preparing  land  for  irrigation,  descriptions 373 

Screenings,  wheat,  use  as  feed,  danger  from  weed  seeds 366 

weed  seed  content,  analysis 366 

Scuppemong  grapes,  pruning 374 

Seea,  al&lfa,  dodder  mfested,  methods  pf  screening,  etc 353 

production  under  irrigation 373 

clover,  commercial,  adulteration,  vitality,  etc 353 

light  compared  with  heavy,  number  per  pound,  etc . .  353 

management  of  crop 370 

production  on  potato  tiirms 365 

purity,  importance 353 

meadow  fescue,  sowing,  production,  demand,  etc 361 

onion,  Northern  grown,  advantages 354 

planting,  amount  to  acre,  etc 354 

peanut,  importance,  selection,  etc 356 

quantity  per  acre 356 

potatoes,  growing  under  straw 353 

selection 365 

treatment  to  prevent  scab 365 

soy  bean,  harvesting,  aifficulties  and  suggestions 372 

selection 372 

storage,  directions 372 

tall  fescue,  value,  production,  etc 361 

Seeding  alfalfa,  on  land  to  be  irrigated,  directions 373 

Seeds,  black  medic,  adulterant  of  clover  seed,  description 353 

weed,  harmful  use  in  adulteration  of  clover  seed 353  . 

Sheep,  breeding,  market  classes  and  grades 360 

dead  in  transit,  value,  etc 360 

farm,  management,  returns,  etc 370 

feeder,  classes  and  grades 360 

feeding  value  of  soy  beans,  experiments 372 

injury  to  flock  by  dogs 374 

losses  at  lambing  time,  prevention 374 

market  classes  and  grades 360 

native,  definition 360 

raising,  feeding,  management  of  flock,  etc 370 

use  in  eradication  of  bmdweed 368 

Western,  definition 360 

Shipping  onions  to  market,  methods 354 

Silage  crops,  west  Washington 355 

dairy  farm,  west  Washington,  materials,  management,  etc . . .  355 

filling  silo,  method 355 

vetch  and  vetch  hay,  for  cows 360 

without  silo,  use  of  barley,  management 355 

Silo,  combination  stone  and  stave,  construction 353 

construction 353 

Silos,  concrete,  construction 353 
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SiloB,  failures,  causes 363  22-24 

material  for  construction 353  24-27 

Silt,  iniury  to  alfalfa,  remedy 373  46 

Silvicmture,  systems 358  8-20 

Simpson,  Dr.,  explanation  of  electricity  in  thunderstorms 357  12 

Skidding,  care,  su^estions,  etc 358  25-26 

Skim  mflk,  nutritive  value,  uses,  etc 363  29-35 

use  in  feeding  chickens jo^y  2o 

Skunk,  enemy  of  field  mice 352  21-22 

Slaughterhouses,  countrv,  relation  to  rat  pests 369  9 

Smith,  G.  Bbaman,  and  J.  W.  Frolby,  ouUetin  on  ''Replanning  a 

farm  for  profit " 370  1-36 

Smut,  onion,  description,  remedies,  etc 354  33-34 

Soap,  cresol,  manufacture,  value  as  disinfectant,  etc 357  34-36 

Soil  fertility,  maintenance  in  Northern  potato-growing  sections 365  23-24 

onion,  reouirements 354  30 

Soilingcrops,  West  Washington  dairy  &irm 355  15-17 

Soils,  citrus  fruit  growing  in  Texas,  selection,  preparation,  etc 374  9-10 

muck,  treatment 366  5-16 

onion  culture,  requirements 354  7-8 

Soja  bean.    See  Soy  bean. 

S^ghum.  sweet,  mixed  crop  wiih  soy  beans,  management 372  17 

Sorgo  ana  soy  beans,  mixed  crop,  management 372  17 

South  Carolina,  cotton  feurm,  metnods,  etc 364  1-23 

peanut  industry,  extent 356  8-9 

Southern  hay  trade,  demands 362  9 

Soy  bean,  climatic  and  soil  requirements 372  6-7 

hardiness  imder  climatic  conditions 372  7 

Soybeans 372  1-26 

comparison  with  cowpeas 372  24-26 

feeding  value,  comparison  with  cotton-seed  meal 372  23-24 

growing  in  mixtures,  suggestions 372  16-17 

varieties 372  7-11 

Spillman,  W.  J.,  bulletin  on  '*  A  successful  poultry  and  dairy  farm" .  356  1-40 

Spraying  for  weeds 360  16-17 

potato  crop,  methods  in  Maine 365  11-12 

Sprays,  potato  crop^  preparation,  application,  etc 365  11-12 

use  in  eraaication  of  weeds 360  16 

Squash,  canning,  directions 359  13, 16 

St.  George  drainage  experiment,  Utah,  cost,  results,  proposed  ex- 
tensions, etc 371  36-44 

Stags,  ^eep,  marketing,  note 360  24 

Steel  trap  tor  rats,  management,  suggestions 369  12 

Sterilization,  fractional,  description 359  7 

milk,  method 363  17 

vessels,  directions 366  26 

theory  and  underlying  facts 369  6-7 

Sterilizer  for  milk  vessels,  cheap  and  efficient 353  27-29 

Storage,  cold,  effect  on  quality  of  food 375  26-27 

food,  methods 376  26-32 

hot-weather,  methods 375  30-32 

onions,  requirements,  house,  etc 354  24-27 

potato  crop,  methods  in  Maine 366  13-14 

potatoes,  methods 365  20 

winter,  tor  the  home,  suggestions 375  31-32 

Storeroom,  home,  requirements 375  27-28 

Straw,  peanut,  feeding  value 356  36 

use  in  growing  potatoes ,  353  9-10 

Streams,  flow,  relation  of  forests 358  33-40 

Street  trees,  care  and  preservation 360  9-16 

String  beans,  canning,  directions 359  12 

Strychnine,  use  against  field  mice,  results,  etc 352  13-14 

rats^  suggestions 369  16 

Stumps,  high,  losses  in  logging  m  Adirondacks 358  24 
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